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RESUMEN
1. Introducción
1.1. Paleopatología, estado de la cuestión  
“La vida y la enfermedad nacieron al mismo tiempo”. Esta afirmación de Pales (1930) 
manifiesta la obviedad de que todos los seres vivos han sufrido o sufrirán algún problema de 
salud durante su vida. La Paleopatología se define como el estudio del sufrimiento  en seres 
humanos y otros animales (Roberts et al. 2012). 
El inicio de la Paleopatología se remonta al siglo XVII y su historia se divide en cuatro 
periodos. El periodo inicial data desde principios del siglo XVII al XIX cuando los estudios 
se reducían a restos de fauna. Lo que conocemos como “Paleopatología Moderna” nació 
en la segunda mitad del siglo XIX, segundo periodo, cuando los restos humanos pasaron a 
ser el objeto de estudio, aunque éstos se limitaron a la descripción de las lesiones desde una 
perspectiva médica. El tercer periodo se inicia en la segunda mitad del siglo XX, momento 
en el que se produce un cambio de paradigma que se afianza durante el cuarto, y último, 
periodo: el actual. La Paleopatología es una ciencia multidisciplinar que ha transformado tanto 
la metodología como su enfoque (Auderheide and Rodríguez-Martín 1998c; Campillo Valero 
2003; Ortner 2003d).  Como expone Wells (1964) el patrón de enfermedad que afecta a una 
población es el resultado del estrés a la que está sujeta dicha población. La paleopatología ha 
ampliado su objeto de estudio pasando de un sencillo informe sobre el estado de salud de 
un individuo, basándose exclusivamente en el enfoque médico, al estudio de los episodios 
mórbidos que afectan a una población y su relación con el ambiente (nicho ecológico) y sus 
mecanismos de adaptación (comportamiento/conducta). 
La identificación de signos patológicos (anormales) requiere un conocimiento previo 
de la anatomía “normal” y la fisiología, así como el entendimiento de los de los mecanismos 
R E S U M E N 
(como la enfermedad, el estrés biomecánico) que activan la remodelación ósea y su reparación. 
El desconocimiento de la variabilidad anatómica ha llevado a científicos a interpretar la 
variedad normal como patológica y viceversa. Conocido por todos es el caso de La Chapelle-
aux-Saints, un individuo Neandertal afectado por cambios degenerativos muy severos. Boule 
(1911, 1912, 1913) interpretó éstos como variante normal anatómica y describió a la especie 
como individuos con una postura semi-erecta y una locomoción bípeda menos eficiente que 
la de los humanos modernos.  Por el contrario, casos patológicos han sido interpretados como 
variante anatómica normal. Entre ellos los casos de raquitismo,  cretinismo y acromegalia 
asociados a individuos Neandertales (Dobson 1998; Ivanhoe 1970, 1985;Virchow 1872). 
Actualmente, el debate está enfocado en la validez o no de la especie Homo floresiensis, en 
particular el caso de del espécimen LB1. Las posiciones enfretadas son defendidas por los 
paleoantropólogos que apoyan la clasificación como nueva especie y por los científicos, con un 
punto de vista médico, que apoyan la naturaleza patológica del individuo (Aiello 2010; Falk et 
al. 2009; Kaifu et al. 2010; contra Henneberg et al. 2014; Hershkovitz et al. 2007). 
El problema inherente al estudio de colecciones esqueléticas, pese al progreso y 
sofisticación en el estudio paleopatológico, es el número de restos y su estado de preservación. 
Cuando un investigador se enfrenta al estudio de un esqueleto tiene que tener en cuenta que 
parte de la información  ha sido perdida, ya que con excepción de los tejidos duros (óseos y 
dentales); los blandos (músculos, órganos) han desaparecido. A la degradación de los tejidos 
blandos hay que añadir los procesos tafonómicos (p. ej. suelos ácidos, hongos, raíces de plantas) 
que deterioran y/o alteran la superficie ósea ocultando, o incluso borrando, el signo patológico.
1.2. Técnicas en la Paleopatología
El estudio de la cuadros patológicos consiste primordialmente en la identificación, 
la descripción detallada de la lesión, el diagnóstico, cuando es posible, e inferencias sobre 
actividades que puedan haber causado las lesiones. 
La técnica esencial  para el análisis e identificación de signos anormales en restos humanos 
fue, y sigue siendo, la observación directa, también conocida como técnica macroscópica. Junto 
con ésta, al análisis de los restos óseos y dentales también se aplican técnicas microscópicas, que 
incluyen entre otros el microscopio binocular y la Tomografía Computarizada. Progresivamente 
se han ido incorporando nuevas técnicas que han supuesto una mejora en el diagnóstico. En 
este aspecto, la imagen médica ha jugado un papel primordial; además de los tradicionales 
Rayos-X, otras técnicas como la Tomografía Computarizada (CT), la microtomografía (mCT) 
y el Microscopio Electrónico de Barrido (ESEM) son ahora aplicadas con frecuencia para 
visualizar la estructura interna o para analizar los cambios estructurales en el tejido óseo y 
dental durante la enfermedad (e.g., Lacy et al. 2012; Martín-Francés et al. 2013 in press). Otras 
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técnicas como el análisis de isótopos estables o análisis de DNA han servido para inferir 
aspectos de la dieta o establecer el origen de ciertas enfermedades, respectivamente (p.ej. 
Cerling et al. 2013; Hardy et al. 2012; Mays and Taylor 2003; Stone et al. 2009). 
En este estudio, además de la aplicación de la técnica macroscópica en todos los restos de 
homínidos fósiles, hemos utilizado tres técnicas microscópicas: CT, mCT y SEM. Éstas fueron 
aplicadas en cuatro de los seis estudios publicados y en los dos artículos en preparación. Hemos 
desarrollado un protocolo específico de actuación dependiendo de los elementos anatómicos 
bajo estudio y de las lesiones identificadas; los detalles de cada uno de los protocolos pueden 
encontrarse en los artículos correspondientes (Capítulo 5 Artículos 1-8). 
1.3. La Paleopatología en el Estudio de la Evolución Humana
Homo sapiens es considerada una de las especies mejor adaptadas de todos los tiempos. 
Sin embargo, al origen de los humanos anatómicamente modernos le precedieron la extinción 
de otras especies. Adaptación significa “ajustarse a las condiciones de su entorno”, y para 
sobrevivir es necesario ajustarse y, en muchos casos, se requiere cambiar con el medio que nos 
rodea. Las especies que no se adaptan a las condiciones ambientales raramente sobreviven a 
través del tiempo. 
La historia nos muestra que, comparado con otras disciplinas que estudian la evolución 
humana, los estudios paleopatológicos han sido considerados en su mayoría de carácter 
anecdótico.  Por ejemplo, la antropología evolutiva, disciplina que se caracteriza por la 
búsqueda de caracteres anatómicos con valor taxonómico y filogenético que aproximan o 
alejan especies y especímenes, se ha erigido como la principal herramienta de estudio de la 
evolución humana. Otros ejemplos del papel secundario de la paleopatología son, por una 
parte, la falta de textos compilatorios sobre los casos paleopatológicos documentados en el 
registro fósil y, por otra, su inclusión en obras de referencia, en las que sí se incluyen menciones 
o citas a otras disciplinas como la geología o la arqueología. Con una perspectiva puramente 
anatómica se identifican rasgos físicos válidos para la caracterización de la/s especie/s; sin 
embargo, para un entendimiento de las implicaciones biológicas y ecológicas se requiere una 
contextualización del estado de salud de los homínidos. 
Como ha sido mencionado con anterioridad, la naturaleza del registro paleontológico y 
arqueológico es escasa y altamente frágil, y en el caso de restos fósiles es todavía más dramático. 
Los fósiles que pueden tener hasta millones de años están expuestos a daños tafonómicos 
afectando a la integridad del hueso o diente. En este aspecto, el proceso de fosilización es de 
extremada importancia para la buena preservación de los restos. La mayoría de las especies de 
homininos están representadas por restos fragmentados, repartidos en diferentes yacimientos y 
que excepcionalmente constituyen un esqueleto completo. Es por esto que, aunque idealmente 
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los estudios paleopatológicos tienen como objetivo la reconstrucción de los episodios mórbidos 
que afectaron a una población, cuando tratamos con restos fósiles no siempre es posible. 
Las excepciones en el registro fósil las constituyen dos colecciones humanas: la población 
fósil recuperada en el yacimiento de la Sima de los Huesos (Atapuerca, Burgos) y la de Homo 
neanderthalensis, del yacimiento de Krapina (Croacia). Cada colección fósil cuenta con más de 
veinte individuos, incluyendo ambas categorías sexuales y todas las categorías de edad. Estas 
colecciones nos proporcionan la excepcional oportunidad de estudiar los episodios mórbidos 
que afectaron a una población en diferentes etapas de edad. 
En épocas pasadas la mayoría de los estudios sobre restos fósiles se limitaban a la 
descripción de los signos y al diagnóstico. Sin embargo, y pese al estado fragmentario de 
los restos, los investigadores han adoptado una nueva perspectiva incluyendo referencias al 
comportamiento y a las características del ambiente. Obviar los signos paleopatológicos nos 
llevaría a ignorar una valiosa fuente de información sobre el estudio de vida de los homininos 
y su adaptación al nicho ecológico. Es decir, en estas poblaciones los rigores de la vida diaria 
habrían dejado huella en los esqueletos que necesita ser interpretada para  elucidar la presión 
y estrés a las que han sido sujetos. Por enumerar algunos casos, sabemos que los dientes de 
estas poblaciones fueron severamente gastados: la morfología resultante ha sido asociada a 
diferentes tipos de alimentos (dieta), actividades para-masticatorias (pelado de alimentos) y 
hábitos (palillo dental) (p.ej. Bermúdez de Castro et al. 1997b; Lucas et al. 1986; Ungar et al. 
1997).  Al mismo tiempo, este tipo de desgaste dental hubiera provocado otros procesos, como 
la formación de quistes apicales, erupción compensatoria y artropatía temporo-mandibular 
(p.ej. d’Incau et al. 2012; Lacy et al. 2012; Tappen 1985). La hipertrofia de los huesos e 
inserciones musculares pueden evidenciar determinadas cargas biomecánicas relacionadas, por 
ejemplo, con actividades de caza. Cierto tipo de trauma puede probar o demostrar patrones 
de comportamiento: caídas desde alturas que podrían indicar locomoción arbórea, heridas 
de punción que podrían relacionarse con episodios de violencia interpersonal, y golpes, que 
podrían resultar de la confrontación con otros animales durante actividades de caza (e.g., 
Berger and Trinkaus 1995; Churchill et al. 2009; Gardner and Smith 2006). 
Considerando los objetivos, metodología y las implicaciones que pueden llegar a tener los 
estudios paleopatológicos, creemos que esta disciplina debería ser considerada instrumental en el 
estudio de la evolución humana. La paleopatología podría participar de la misma manera que otras 
disciplinas en la reconstrucción de la vida de especies extintas y evaluar su proceso de adaptación. 
Asimismo, creemos de mayor importancia que se lleve a cabo una continua y sistemática revisión 
del registro fósil ya que la aplicación de nuevas técnicas puede revelar nuevos signos asociados 
con procesos patológicos (p.ej. Coqueugniot et al. 2014; Hardy et al. 2012).
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2. Objetivos de la Disertación 
2.1. Objetivos de la Disertación 
Los objetivos planteados en esta Tesis Doctoral son: 
1. Identificación y descripción de las lesiones que afecten los restos esqueléticos y 
dentales de las siguientes colecciones fósiles humanas originales:
A. Los yacimientos del Pleistoceno de Atapuerca: Sima del Elefante (TE), Gran 
Dolina (TD) y Sima de los Huesos (SH) (las listas completas del material 
estudiado se encuentran en el Capítulo 5 Artículo 7 in prep. Apéndice Tablas 1-3 
y Capítulo 6, Tabla 6.7).
B. Poblaciones de homínidos provenientes de diferentes yacimientos euroasiáticos, 
relacionados filogenéticamente con las de Atapuerca o que comparten un marco 
geográfico y/o cronológico con estas poblaciones:
a. Material fosil del yacimiento de Dmanisi (Georgia)
b. Homo erectus (Yiyuan) 
c. Homo neanderthalensis (La Chapelle-aux-Saints, La Ferrassie I, La 
Quina, Tabun, Gibraltar 1)
d. Homo rhodesiensis (Broken Hill 1)
2. Hipótesis Diagnóstica.
3. Diagnóstico Diferencial.
4. Prognosis, evolución y evaluación de las implicaciones que tienen a nivel de 
comportamiento o adaptación sobre el individuo las lesiones identificadas. 
5. Evaluación del grado de alteración morfológica causada por los cuadros  patológicos y 
el grado de interferencia causado en la caracterización taxonómica del fósil. 
6. Síntesis y revisión crítica de los estudios paleopatológicos del registro fósil, incluyendo 
los géneros Australopithecus y Homo y una evaluación del perfil de morbosidad de nuestros 
ancestros.  
3. Material
El material de estudio comprende dos categorías: material original y material bibliográfico. 
El material original, subdividido en original y original comparativo, es el objeto principal de este 
estudio, el cual se recogen en los seis artículos publicados y los dos en preparación. La segunda 
categoría, material bibliográfico, corresponde a los especímenes fósiles que han sido previamente 
publicados y aquí son presentados para revisión, crítica y análisis interpretativo de los cuadros 
paleopatológicos dentro del estudio de la evolución humana. 
El material original comprende las poblaciones fósiles del complejo de yacimientos de 
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Atapuerca. Éstas incluyen: 
-Pleistoceno Inferior: resto mandibular y piezas dentales del yacimiento de la Sima del 
Elefante, depositadas temporalmente en el CENIEH (Centro Nacional de Investigación sobre 
la Evolución Humana, Burgos, España). 
-La colección del Pleistoceno Inferior de la especie Homo antecessor recuperada en el 
yacimiento de Gran Dolina, que incluye restos dentales, craneales y post-craneales; depositada 
temporalmente en el Centro Nacional de Investigación sobre la Evolución Humana, Burgos, 
España (CENIEH). 
-La colección del Pleistoceno Medio recuperada en el yacimiento de la Sima de los 
Huesos, que incluye restos craneales y dentales, depositados en el Centro Mixto UCM-ISCIII 
de Evolución y Comportamiento Humanos (Madrid, España). 
El material original comparativo incluye los fósiles originales de diferentes yacimientos de 
Eurasia y África que han sido relacionados filogenéticamente con los de Atapuerca o que 
compartieron un marco geográfico o cronológico similar, permitiendo tentativamente la 
identificación de características evolutivas, de comportamiento o biológicas similares. Estas 
colecciones se encuentran depositadas en diversas instituciones, su acceso es restringido, y se 
obtuvo autorización expresa para su estudio. Éstas incluyen: 
-El espécimen D2600, mandíbula y restos dentales, del yacimiento de  Dmanisi (República 
de Georgia) depositado en el Museo Nacional de Georgia (Tbilisi, República de Georgia). El 
estudio de la colección fósil fue llevado a cabo bajo el auspicio del Tratado de Cooperación 
entre España y la República de Georgia, cuyas organizaciones anfitrionas son la Fundación 
Duques de Soria y el Mueso Nacional de Georgia. 
-Broken Hill 1 (Zambia), cráneo y restos dentales del  Pleistoceno Medio, depositado 
en el National History Museum (Londres, Inglaterra). El estudio fue subvencionado por 
Synthesys  (Systhesis of  Systematic Resources).
-Muestra fósil dental de la especie Homo erectus, proveniente del yacimiento del 
Pleistoceno Medio de Yiyuan (China), depositado en el Institute of  Vertebral Paleontology and 
Paleoanthropology, Chinese Academia of  Science (IVPP). El estudio fue llevado a cabo bajo el 
Programa de Cooperación Internacional (BIC) y la Academia China de Ciencias titulado: The 
comparisons of  hominin fossils between China and Spain, and human origin and evolution in 
Eurasia (Grant nºGJHZ201314). 
-Los restos fósiles craneales y dentales de la especie Homo neanderthalensis de los yacimientos 
del Pleistoceno Superior de La Chapelle-aux-Saints, La Ferrassie y La Quina (Francia) 
depositados en el Musée de l’Homme (París, Francia). El estudio fue subvencionado por el 
Programa Jóvenes Excelentes (Fundación Gutiérrez Manrique-Obra Social Caja de Burgos). 
-Los restos fósiles craneales y dentales de Homo neanderthalensis de los yacimientos del 
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Pleistoceno Superior de Tabun (Israel), Gibraltar (U.K) depositados en el Natural History 
Museum (Londres, Inglaterra). El estudio fue subvencionado por Synthesys  (Systhesis of  
Systematic Resources).
4. Discusión 
La reconstrucción de la vida de los individuos se basa en la identificación de marcadores, 
en el esqueleto y los restos dentales asociados, que reflejen las presiones/limitaciones a 
las que fueron sometidos y proporcionen además información para la interpretación del 
proceso adaptativo (Wells, 1964). Desde la segunda mitad del siglo XX, el concepto teórico 
de la Paleopatología como disciplina ha sido redefinido. El devenir de la Paleopatología ha 
evolucionado de estudios a pequeña escala, siendo la causa de  muerte el único objeto del análisis, 
a un concepto más global y con un objetivo más amplio, la reconstrucción y/ entendimiento 
de la curso de la vida de un individuo o grupo (población). Este ajuste conceptual ha sido 
acompañado por avances técnicos, por ejemplo  técnicas previamente aplicadas exclusivamente 
en el campo médico que han sido incorporadas al estudio de restos humanos. A pesar de 
dicho progreso, la comunidad científica todavía no reconoce el potencial de la Paleopatología 
en su contribución al estudio de la evolución humana. Comparado con otras disciplinas, 
como por ejemplo la Antropología evolutiva, la Paleopatología sigue siendo considerada un 
instrumento secundario en la investigación del origen de las especies, como se evidencia en 
la falta de referencias incluidas en obras que discuten la evolución humana. La evaluación de 
los caracteres morfológicos subestima aspectos ecológicos y adaptativos que contribuyen a la 
definición de una especie. Los estudios de evolución humana requieren de otras disciplinas 
que abordan temas como la lítica, la fauna o el clima  para obtener un escenario más completo 
que incluya las estrategias de subsistencia, patrones de comportamiento y nicho ecológico. 
La contribución original presentada en esta disertación es un acercamiento alternativo para 
abordar los diferentes temas que conforman el estudio de la evolución humana. 
Al empezar indicábamos que todos los seres vivos, presentes y pasados, padecen o 
han padecido algún tipo de problema de salud durante el curso de su vida, incluyendo a las 
diferentes especies de homínidos.  No es posible aplicar los estándares de salud de hoy día 
a especies extintas o antiguas poblaciones, ya que las enfermedades no afectan de la misma 
manera a los individuos ni a las especies en momentos y cronologías diferentes. En nuestra 
opinión, sin un escala objetiva que mida el estado de salud, clasificar la salud de buena o mala 
depende de la identificación de signos/cuadros lo suficientemente severos para amenazar la 
vida del individuo, o por lo menos para limitar su normal funcionamiento, como por ejemplo 
la alimentación o la libertad de movimientos del individuo. Por lo tanto, cuando hablamos de 
enfermedad nos referimos a cuadros que deterioran la salud y pueden devenir en la muerte 
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del individuo. Con la enfermedad se desencadena la defensa más importante contra ella, la 
respuesta inmunitaria. Ésta es la clave para una mejor recuperación y a su vez ésta depende 
de factores externos.  De esta manera, en la enfermedad como en la salud, la supervivencia 
del individuo está altamente condicionada por factores sociales y ambientales. Y viceversa, 
factores sociales y ambientales definirán el curso de la enfermedad. Por ejemplo, se ha sugerido 
que ciertos cuadros (quistes o fracturas) podrían haber tenido un fatal desenlace para algunos 
individuos, como el representado por el Cráneo 5 de la Sima de los Huesos, cuando las mismas 
patologías tienen un carácter anecdótico o mínimo en poblaciones contemporáneas con acceso 
a tratamiento médico. El caso del Cráneo 5, al igual que otros incluidos en esta Tesis, pudieran 
indicar que, por ejemplo, la salud del individuo estaba previamente deteriorada por otros 
procesos, como por ejemplo deficiencias vitamínicas o que los patógenos, en determinados 
lugares y momentos, eran mucho más virulentos que en la actualidad. Además, ¿podría estar 
indicando que las condiciones ambientales eran menos favorables o  o que no existía cuidado 
de los enfermos por parte de otros individuos del grupo? 
Los resultados obtenidos tras el estudio de los restos fósiles deben ser considerados de 
forma prudente ya que el número de restos y su preservación varía dependiendo de la especie. 
Si consideramos el registro fósil al completo, podemos concluir que el estado de salud de las 
especies del Plio-Pleistoceno era en general bueno, o por lo menos no se han identificado 
muchas lesiones que puedan ser consideradas como causa probable de la muerte del individuo. 
Cuando consideramos el registro a nivel de especie, Homo neanderthalensis es claramente la 
especie con mayor número y variedad de enfermedades de la colección fósil.  
Además de las ya nombradas limitaciones inherentes al registro fósil, otro aspecto a tener 
en cuenta es el límite entre lo que debe ser considerado normal o anormal. ¿Dónde está la 
frontera que separa a ambos? Éste es un debate frecuente en Paleopatología, y aunque algunos 
asuntos ya tienen respuesta, otros permanecen sin resolver. Uno de ellos está relacionado con 
la variabilidad morfológica. Los rasgos epigenéticos, también conocidos como no-métricos, 
son variaciones consideradas no-patológicas porque el funcionamiento normal del cuerpo 
no es impedido. Se clasifican en dos categorías, hiperostóticos e hipostóticos, siendo los 
hiperostóticos más comúnmente observados (Campillo, 2001; Saunders y Rainey, 2008; 
para la lista completa de rasgos ver Buikstra y Uberlaker, 1994). La identificación de rasgos 
epigenéticos en especies extintas, además de los observados en los humanos modernos, está 
condicionada por el número de restos y su preservación. Por tanto, conocer la  variabilidad 
anatómica inter- e intra-especies extintas requiere una muestra amplia, algo que es muy 
improbable en el registro fósil. Al igual que en los rasgos epigenéticos, estamos de acuerdo con 
Campillo (2001) en que la anormalidad no implica necesariamente patología. Pero, ¿cuándo 
la anormalidad se convierte en patología? ¿Y los mecanismos que producen la anormalidad 
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pueden ser considerados patológicos? Como indicaban Saunders y Rainey (2008) aunque en 
la mayoría de casos la variación no afecte al funcionamiento del elemento anatómico, algunos 
rasgos pueden ser asociados con síndromes u otros cuadros. 
En nuestra opinión, la deposición continuada de cemento dental observado en la 
raíces dentales de la población de SH y de la especie Homo neanderthalensis son un ejemplo de 
morfología anormal con un origen “patológico”. Según argumenta Le Cabec y colaboradores 
(2013) el patrón de raíces engrosadas, debido a la deposición de cemento, observada en Homo 
neanderthalensis no puede ser clasificada como patológica debido a su condición de común. 
Nosotros discrepamos con esta interpretación ya que, pese a que la deposición no deba 
ser reconocida como patológica per se, el mecanismo responsable de ésta sí puede serlo. La 
deposición de cemento en las raíces dentales puede potencialmente ser comparada con otros 
procesos que afectan al esqueleto. Por ejemplo, se ha observado crecimientos óseos bajo 
circunstancias de estrés para compensar o prevenir el deterioro. De esta forma, los osteofitos 
en las articulaciones actuarían como estabilizadores bajo circunstancias de estrés. Creemos que 
la deposición de cemento podría tener una función similar. Cuando los dientes son sometidos 
a excesivo estrés biomecánico o lesiones que ponen en peligro su anclaje, la deposición de 
cemento funcionaría como estabilizador de la posición dental. Por lo tanto, la deposición de 
cemento podría ser considerada parte de una entidad mayor y, dependiendo de los signos 
observados, podría relacionarse con estrés biomecánico o lesiones patológicas. Sugerimos que 
la deposición de cemento observada en las raíces de la población de SH es consecuencia de 
una combinación de factores que podrían incluir la morfología de la mandíbula, el patrón de 
desgaste dental y/o lesiones que afecten directamente al hueso alveolar. Además, si como 
sugieren Le Cabec et al. (2013) para Homo neanderthalensis, la deposición de cemento responde a 
cargas biomecánicas, la ocurrencia de esta deposición podría indicar similitudes morfológicas 
de la mandíbula o restos dentales, y/o de comportamiento entre las especies. 
Por lo tanto, creemos que dependiendo de los signos observados es importante 
considerar la anormalidad como evidencia de mecanismos patológicos que merecen seguir 
siendo investigados. 
Debido a que los restos dentales están más representados que los esqueléticos en el 
registro fósil y para evitar interpretaciones sesgadas, hemos evitado la comparación directa 
entre los dos grandes grupos de clasificación de enfermedades. En su lugar, hemos preferido 
llevar a cabo una comparación intra-grupal, es decir por una parte las enfermedades que afectan 
a mandíbulas y dientes y por otra al resto del esqueleto. En general los resultados obtenidos 
a través del análisis paleopatológico evidencian un patrón de enfermedad caracterizado 
principalmente por cuadros dentognáticos y traumáticos (ver Capítulo 6, Tabla 6.7). 
Las patologías dentognáticas incluyen un amplio rango de cuadros con la particularidad de 
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estar estrechamente relacionadas unas con otras. La identificación de la secuencia de eventos es 
compleja ya que una lesión puede ser al mismo tiempo causa y consecuencia de una condición 
patológica e incluso amplificadora de otra. La lesión dentognática más común, incluyendo el 
número de especies e individuos afectados, es la Hipoplasia del Esmalte Dental (DEH). Este 
marcador de estrés no específico se ha observado en casi todas las especies, y la más afectada es 
Homo neanderthalensis. La hipótesis más aceptada sobre su expresión es la de episodios de estrés 
sufridos por los individuos infantiles durante el periodo de destete. La segunda condición más 
común es la enfermedad periodontal, de nuevo en número de especies e individuos afectados. 
Esta enfermedad de origen infeccioso, en sus primeras etapas, afecta a las encías produciendo 
inflamación (gingivitis). El avance de la condición desencadena la periodontitis que afecta y 
destruye el hueso alveolar. 
Aunque no está considerado una enfermedad per se, debemos incluir el desgaste del 
esmalte en esta sección. El desgaste del esmalte, en su forma más severa, es un proceso 
extensivo causante de numerosos cuadros. Entre los mecanismos que predisponen a dicho 
desgaste se incluyen actividades para- y masticatorias (proceso de alimentos) o ciertos hábitos, 
como la utilización del palillo dental. En general, el desgaste severo del esmalte activa procesos 
infecciosos (como la infección de la pulpa), movimientos post-eruptivos y pérdida de densidad 
del tejido. Se han observado en el registro fósil numerosas lesiones resultantes del desgaste 
severo del esmalte. Dentro de las patologías esqueléticas las más comunes son las relacionadas 
con los traumas, seguidas de las degenerativas que, en muchos casos, son secundarias a un 
trauma. En poblaciones pretéritas, este tipo de lesiones son comúnmente observadas en 
relación con actividades físicas del día a día. Dependiendo de la especies los investigadores las 
han relacionados con actividades físicas de gran esfuerzo como trepar, la locomoción arbórea, 
la cacería o la violencia interpersonal. De nuevo, Homo neanderthalensis es la especie con el mayor 
número de individuos mostrando cambios relacionados con trauma o procesos degenerativos. 
Como ha sido indicado en la Introducción, creemos que los estudios paleopatológicos 
no deberían reducirse exclusivamente a la identificación de lesiones, sino que tanto el “origen” 
como las repercusiones para el individuo, deberían ser igualmente contemplados. Con 
origen nos referimos a aquellos mecanismos, variabilidad anatómica o comportamiento, que 
provocaron la lesión en última instancia. Dependiendo de las lesiones identificadas, hemos 
sugerido una variedad de factores de comportamiento que incluyen: dieta (tipo de alimentos 
y actividades para- y masticatorias); locomotoras (cubrir largas distancia a pie); y actividades 
violentas, de carácter fortuito o intencional. Con el término “repercusión” nos referimos a la 
prognosis de la enfermedad, la evolución y posibles influencias para la vida del individuo. En 
la mayoría de los casos, y cuando la lesión identificada estaba en los estadios iniciales, su avance 
era inevitable y el empeoramiento de la salud del individuo es esperado. Estos escenarios 
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se sugieren para los procesos infecciosos, como caries dentales, pulpitis y/o enfermedad 
periodontal, y procesos degenerativos. Sin embargo, en algunos individuos el curso de la 
lesión se ha resuelto y se observan signos de cicatrización, como en el caso de la fractura del 
metatarso en Homo antecessor, espécimen ATD6-124, o el quiste maxilar en el individuo Cráneo 
5 de SH-Atapuerca. 
Dependiendo del elemento involucrado en el cuadro patológico hemos sugerido diferentes 
escenarios a nivel de repercusión para el individuo (ver Capítulo 5, apartado de Discusión en los 
Artículos 1-8). Hemos planteado la posibilidad de molestias, dolor, dificultad para alimentarse, 
y/o halitosis. Ejemplos de estos escenarios propuestos serían los especímenes ATE9-1, 
Cráneo 5, y D2600. Repercusiones similares podrían ser propuestas para otros individuos 
como Skull 5 from Dmanisi, La Chapelle-aux-Saints y Broken Hill 1. Asimismo, hemos 
sugerido otro tipo de repercusiones para las lesiones esqueléticas observadas teniendo en 
cuenta tanto la lesión como el número de elementos afectados. Por ejemplo, la micro-fractura 
observada en Homo antecessor, espécimen ATD6-124 si causó molestias, fueron probablemente 
mínimas, y no tuvieron repercusiones en la vida diaria del individuo. Sin embargo, en el caso 
del Cráneo 5, sugerimos que las lesiones provocaron una discapacidad severa, con fuertes 
dolores e incapacidad masticatoria, acompañada de deformidad facial que pudo, incluso, 
causar la muerte del individuo. En el caso de la rótula de Homo antecessor, ATD6-56, aunque se 
requieran más elementos anatómicos para un diagnóstico más preciso, hemos sugerido cierto 
grado de discapacidad en ciertos movimientos, así como el probable desarrollo de osteoartritis 
secundaria. Finalmente, el caso de discapacidad más severa lo hemos sugerido para el individuo 
Neandertal Shanidar 1. La gravedad de las lesiones, además del dolor, habrían incapacitado el 
movimiento del individuo. 
En casos excepcionales se ha sugerido que la supervivencia del individuo, al menos 
durante unos años, se debe al cuidado por parte de individuos del grupo. Este tipo de lesiones 
incapacitantes se han observado por ejemplo en el individuo Cráneo 14 de SH, y  un individuo 
del yacimiento de Dmanisi Skull 5, representado por los especímenes D3900 y D3444.  
Cuando inferimos aspectos como la prognosis en poblaciones pretéritas, debemos tener 
presente que la alteración de la anatomía normal probablemente provocaría modificaciones 
irreparables en la anatomía del individuo. Por ejemplo, el desgaste severo del esmalte y/o la 
pérdida de piezas dentales provocarían movimientos irregulares en el ciclo masticatorio que 
acabarían desembocando en TMJ. 
5. Futuros Estudios 
Es llamativa la falta de diagnósticos relacionados con enfermedades metabólicas en el 
registro fósil. Estudios previos han relacionado signos como la hiperostosis porótica y criba 
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orbitalia con anemia. Sin embargo, otros investigadores han sugerido diagnósticos alternativos 
para este tipo de signos como la deficiencia de Vitamina C (ver Pérez-Pérez 2003, Pérez et al. 
1997; contra Walker et al. 2009; Ortner, 2003a). Para los casos de  enfermedades metabólicas 
proponemos una evaluación de los posibles signos que evidencien faltas vitamínicas en 
elementos post-craneales y dentales, además de los craneales. Comúnmente, las hipoplasias 
dentales se han relacionado con el destete, sin embargo en ocasiones, en un mismo individuo, 
se ha observado más de un defecto de esmalte, que podría indicar dos momentos diferentes de 
estrés . Por lo tanto la concurrencia de signos patológicos craneales, post-craneales y dentales, 
no sólo podrían aportar datos sobre el momento o picos de ocurrencia de una enfermedad, sino 
también datos de la severidad del proceso. En general, la identificación de signos contribuirá al 
mejor entendimiento del proceso de adaptación de una especie/población en particular, y las 
presiones ejercidas sobre éstas por el nicho ecológico. Creemos que la población recuperada 
en la Sima de los Huesos (Atapuerca), proporciona la perfecta oportunidad para el estudio 
de manifestaciones metabólicas al representar una población con individuos en diferentes 
intervalos de edad. 
Como ya hemos sugerido a lo largo de la disertación, otro aspecto que merece continuar 
ser explorado es el tejido dental del cemento. Proponemos un estudio que además de 
caracterizar la morfología externa también incluya datos métricos. Nuestro objetivo es registrar 
el patrón de deposición de cemento, incluyendo información sobre la superficie de deposición, 
la clase dental más afectada, y caracterización por clase dental; a nivel individual y de población. 
También nos proponemos presentar evidencia de los mecanismos que se relacionan con esta 
deposición que podrían incluir la morfología dental, los mecanismos de desgaste dental y/o 
otras patologías. En última estancia, llevaríamos a cabo un estudio comparativo con la especie 
Homo neanderthalensis. Los resultados extraídos podrían evidenciar similitudes o diferencias 
entre especies, incluyendo rasgos morfológicos y mecanismos de comportamiento. 
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31. Introduction
1.1. Palaeopathology, State Of  The Art 
“Life and disease were born together”. Pales affirmation (1930) reveals the obvious: that 
all living beings, past or present, have suffered or will suffer eventually a health problem. 
Palaeopathology is defined as the study of  suffering by both ancient humans and other animals 
(Roberts et al. 2012).
The history of  palaeopathology stretches back to the seventeenth century and its course 
has been classified into four periods. The initial period dates from the seventeenth to the 
nineteenth century when the reports were mainly restricted to the study of  faunal remains. 
What is known as “modern palaeopathology” occurred during the second period, first half  of  
the nineteenth century, when human remains became the object of  study, although these were 
limited to the description of  the lesions that affected the individual from a medical perspective. 
Through the second half  of  the nineteenth century, the third period, the discipline continued 
evolving and experienced a paradigm shift. At present, fourth period, Palaeopathology is a 
multidisciplinary science that has transformed not only its methodology but also its approach 
(Auderheide and Rodríguez-Martín 1998a; Campillo Valero 2003; Ortner 2003a). As stated by 
Wells (1964), the pattern of  disease that affects a population is the result of  stresses and demands 
to which that population was subjected. That is, markers and diseases are the expression of  
the individuals’ behaviour and adaption to the environment. In other words, palaeopathology 
has widened the scope and the objective of  research from a simple report about the health 
status of  a single entity (one individual) based purely in the medical approach, to the study of  
those morbid episodes affecting an entire group (population) and their relationship with the 
ecological niche (environment) and their mechanisms to adapt (behaviour).
The identification of  pathological (or abnormal) signs requires the prior knowledge of  
the “normal” anatomy, bone physiology as well as an understanding and recognition of  the 
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mechanisms which, under stress, disease and/or mechanical demands, trigger bone turnover 
and healing. There are many cases where pathological hominins have been interpreted 
as normal variation and vice versa, probably the best-known case is that of  La Chapelle-
aux-Saints (Boule 1911, 1912, 1913; Trinkaus 1985). Based on the morphological traits 
observed in this old individual, for many years the Neanderthal species was considered to 
be less evolved than Homo sapiens. The degenerative changes recorded in the axial skeleton 
were interpreted as normal variation of  the species, and Boule (1911, 1912, 1913) described 
Neanderthals as individuals unable to stand in a fully upright position and with a bipedal 
locomotion less efficient than that of  anatomically modern humans. Conversely, many cases 
of  normal morphology were interpreted as pathological. Once more, Homo neanderthalensis 
presents the most misclassified pathological cases, examples include rickets (Ivanhoe 1970; 
Virchow 1872), cretinism (Dobson 1998) and acromegaly (Ivanhoe 1985). Currently the debate 
is focused on the validity of  the Homo floresiensis species, in particular the case of  the specimen 
LB1. Polarised views are maintained, on the one side, by paleoanthropologists who defend the 
species classification and those who believe the medical perspective of  the pathological nature 
of  the individual (Aiello 2010; Falk et al. 2009; Kaifu et al. 2010; versus Henneberg et al. 2014; 
Hershkovitz et al. 2007).
Despite the progress achieved by the discipline in the study of  human remains, there 
are several shortcomings inherent to the study of  skeletal collections, including the number 
of  remains preserved and their state of  preservation. It is not easy to find a fully preserved 
human skeleton; but even when the researcher faces a complete one, normally the only 
enduring tissues are the osseous and dental. With the exception of  mummification, either 
intentional or natural, the decay process destroys all soft tissues. Thus, we must be always 
aware when studying the individual’s remains that part of  the information has already been 
lost. Furthermore taphonomical processes, degradation due to watering, acidic soils, fungus, 
and roots negatively affect the preservation of  the skeletons. This process alters the surface, 
destroying partially or entirely the remains and in most cases obscuring, or even erasing, the 
pathological print. 
Thus, frequently the researcher would only count for the study with two types of  
remains: osseous and dental tissues. Each of  them has different components and physiology, 
and as consequence they respond to injury in different manner. To briefly review the tissues 
involved. Bone is formed of  inorganic and organic components: the inorganic portion is mainly 
hydroxyapatite, and the organic component is principally Type I collagen. Its structure is composed 
of  cortical bone, also known as compact bone, which is densely calcified bone that is surrounded 
externally by the periosteum and internally by the marrow cavity; epiphysis, or the final part 
of  a tubular bone between the epiphyseal plate and the articular cartilage; ephiphyseal plate, the 
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growth plate in immature individuals; metaphysis, the widened area between the diaphysis and 
the epiphysis; diaphysis, the middle segment of  the tubular bone; bone marrow, this fills the inner 
bone cavity with hematopoietic marrow, fat and trabecular bone; periosteum, the membrane 
that covers the outer surface of  the bone; and endosteum, the inner membrane of  marrow 
surrounding the bones. There are five types of  bone cells: osteoprogenitor cells, the mesenchymal 
cells that differentiate into an osteoblast, also known as proosteoblast cells; osteoblasts, bone 
matrix secretion; osteocytes, cells derived from osteoblasts, which live within the bone substance; 
bone lining cells, lining cells found where there is no active bone formation; and osteoclasts, active 
bone resorbing cells. Bone tissue is constantly formed and remodelled throughout life. During 
the growth stage the bone achieves its mature size and morphology through the external 
apposition at the periosteum and internal resorption at the endosteum. In addition to the 
physiological bone remodelling, which consists of  formation and resorption, pathological 
processes also trigger the mechanism of  bone remodelling. That is, when the bone receives 
an injury or insult the osteoclastic and osteoblastic cells are activated and the bone structure is 
remodelled through the resorption of  old bone and formation of  new layers (complete 
descriptions about bone histology and physiology can be found among others in Marks and 
Odgren 2002; Safadi et al. 2009; Waldron 2009a).
Teeth are the other type of  remains frequently found in osteological collections. The 
tooth is a composite of  three hard tissues, enamel, dentine and cementum, and a soft one, pulp 
tissue. Enamel is the highest mineralised tissue of  the body and forms the outer surface of  the 
dental crown. It consists of  96% inorganic material, hydroxyapatite, and a low percentage of  
organic material. Enamel forming cells, amelobasts, are lost once the tooth emerges; thus enamel, 
opposite to bone tissue, does not have reparative or regenerative properties. Odontoblast cells 
are responsible for the formation of  the dentine. It is composed of  an inorganic matrix with 70% 
of  mineral hydroxyapatite; the rest is organic material, approximately 20%, and water. The tissue 
forms the inner structure of  the crown and the root, and it is located between the enamel 
and the pulp cavity. The third of  the hard tissues, cementum, is excreted by cementoblasts cells 
and covers externally the tooth root. Cementum is classified into two types depending on its 
composition and function, cellular and acellular. In contrast to enamel and dentine, cementum 
tissue is deposited in layers throughout life as consequence of  mechanical demands, aging and/
or pathological processes. The only soft tissue of  the tooth is the pulp and the odontoblasts 
are responsible for its formation. Pulp cavity is surrounded by the dentine and filled with 
connective tissue, blood and nerves (complete descriptions about the dental tissues can be 
found among others in Hillson 2005a; Scheid and Weiss 2012; Ten Cate 1998).
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1.2. Techniques In Palaeopathology
The primary technique employed for the analysis and identification of  abnormalities 
in human remains was, and continues to be, direct observation, also known as macroscopic 
technique. Through the years new techniques have been progressively included in the palaeopa-
thological analysis of  skeletal remains, and have efficiently ameliorated the diagnosis process. 
Medical imaging has likely played a major role in this field. Apart from traditional X-rays, other 
techniques such as Computer Tomography (CT), Micro CT (mCT) and Scanning Electron 
Microscope (SEM) are now applied to the human remains to visualize either the bone’s inner 
structure and/or to analyse the structural changes observed in bone/dental tissues during 
disease (e.g., Lacy et al. 2012; Martin-Francés et al. in press). Lately in the field of  chemistry, 
other techniques such as stable isotope and trace element analyses have been applied to the 
study of  human remains, for example in analysis of  calculus components to infer dietary 
preferences (e.g., Cerling et al. 2013; Hardy et al. 2012). In the last years, DNA analysis has 
become increasingly important, for example, in the investigation of  the origin of  infectious 
diseases (e.g., Mays and Taylor 2003; Stone et al. 2009). All these techniques have proved to 
be very useful, and in several cases of  exceptional assistance, in the identification of  signs 
and diagnosis of  pathological conditions. In consequence, an increasing number of  research 
groups have incorporated them as part of  their protocols when investigating palaeopathological 
conditions in human collections. 
Considering the advances reached by the discipline, mainly in the theoretical conception, 
we suggest that Modern Palaeopathology, and in particular palaeopathologists, should not 
exclusively direct their attention to the cause of  death. When looking at a human skeleton 
from such a simplistic perspective, the skeleton only reveals one instant of  the individual’s 
life: the death moment. Although it is indeed an important event, the individual’s life must 
not exclusively be reduced to such a small moment. On the contrary, the skeleton must be 
seen as the result of  a life course where the rigors of  the daily life are reflected in the remains, 
not as an episode but as a dynamic life history and should be studied and presented as such. 
Moreover, when trying exclusively to determine the cause of  death, there is risk to overlook 
other potential diseases and morbid episodes affecting the individual. In certain cases a disease 
can be so severe and violent that the immune or reparative response is not activated and 
death overcomes the individual without leaving a trace of  the disease or cause of  death in the 
skeleton. In these cases, any detail that could shed light about the individual’s life is of  crucial 
importance as it can assist to reconstruct his or her life course. Paradoxically, disease signs 
appear in those who have survived the injury.
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1.3. Palaeopathology In Human Evolution
Homo sapiens is considered to be one of  the best-adapted species of  all time. However, 
prior to the origin of  anatomically modern humans, several species went extinct. Failure in 
adaptation is frequently pointed to as the cause for the extinction of  hominin species, and in 
particular to those of  the genus Homo. To adapt, literally means “to fit”. In order to survive it 
is necessary to fit, and in most cases it requires to successfully change to the circumstances, 
namely the surrounding environment. Those species that do not “fit”, or change, with the 
environmental demands rarely will survive through time. 
The study of  human evolution is comprised of  diverse disciplines such as evolutionary 
anthropology, chronology and archaeology. History shows that compared to these, palaeopa-
thological studies have been largely considered anecdotic. For instance, evolutionary 
anthropology has risen as the main instrument in the study of  human evolution. This 
discipline is in constant search of  the anatomical traits, morphological and quantitative, with 
taxonomic and phylogenetic value that differentiates or brings closer specimens and species. 
Another factor which reveals the secondary role of  palaeopathology is the absence of  
literature dedicated to the topic. There is a lack of  a real synthesis of  the palaeopathological 
conditions documented in the fossil record compared to the numerous related to, for example, 
evolutionary anthropology (e.g., Aiello and Dean 1990). Equally noticeable is the absence of  
palaeopathological references included in books and encyclopedias addressing the topic of  
human evolution, where reviews of  other disciplines, such as stratigraphy, archaeology and 
chronology, are found (e.g., Delson et al. 2000). From a purely anatomical perspective, physical 
characteristics are valid to characterise species. However, a real understanding of  its biological 
and ecological implication requires a contextualization of  the hominin health status. 
As mentioned above, the nature of  the paleontological and archaeological record is scarce 
and highly fragile, for fossil remains this is even more dramatic. Fossils, dating back several 
million years, are exposed to taphonomical damage that affect the integrity of  the bone. Thus, 
the fossilization process is very important for the bone preservation and for the recording of  its 
characteristics. With some few and rare exceptions, the majority of  hominin species are represented 
by fragmentary remains scattered in multiple sites and that exceptionally constitute a complete 
skeleton. Thus, although ideally palaeopathological studies aim to reconstruct the morbid episodes 
of  a population, when dealing with fossil remains, these types of  studies are not always possible. 
Exceptions in the fossil record are the human collections from Sima de los Huesos-Atapuerca 
site (Burgos, Spain) and that of  Homo neanderthalensis from Krapina site (Croatia); each assemblage 
comprise more than 20 individuals, including both sexes and all age categories, immature and adult 
individuals.  Thus, these two collections provide an exceptional and unique opportunity to study 
the morbid episodes affecting a population at different age stages. 
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During the past decades the majority of  the pathological studies including hominin 
remains were restricted to the description of  the signs and the diagnosis. However, despite 
the incompleteness of  the fossil record, researchers are lately adopting a new perspective 
that includes, at least to a certain degree, references to behavioural and environmental 
characteristics. Ignoring palaeopathological signs would lead us to neglect a valuable source of  
information about hominin life style and adaption to their ecological niche. That is, in these 
populations the rigors of  the daily life would have left imprints in their skeletons that need 
to be interpreted in order to elucidate the strains and stresses to which they were subjected. 
To enumerate some examples, teeth of  these populations were severely worn; the resultant 
morphology has been associated to different types of  food (diet), paramasticatory activities 
(peeling of  the food), and habits (tooth-pick) (e.g., Bermúdez de Castro et al. 1997a; Lucas et 
al. 1986; Ungar et al. 1997). Simultaneously this type of  dental wear would have triggered other 
processes, such as formation of  apical cysts, compensatory eruption and temporomandibular 
arthropathy (e.g., d’Incau et al. 2012; Lacy et al. 2012; Tappen 1985). Hypertrophy of  bones 
and enthesopathies can evince determined mechanical loads related to hunting activities, for 
example. Certain types of  trauma can evince behavioural patterns: falls from heights can 
indicate arboreal locomotion, stab wounds could suggest interpersonal violence, and blows, 
might suggest confrontation with other animals during hunting activities (e.g., Berger and 
Trinkaus 1995; Churchill et al. 2009; Gardner and Smith 2006). It is necessary to continue with 
a systematic revision of  the fossil remains, even those that were discovered long ago, as the 
application of  new techniques can reveal new signs associated with pathological conditions 
(e.g., Coqueugniot et al. 2014; Hardy et al. 2012).
In this context, and taking into account what is being said about the objectives, 
methodology and further implications of  palaeopathology, we believe that it should be 
considered as instrumental as the rest of  disciplines included in the study of  human evolution. 
Palaeopathology could participate in the same manner to reconstruct the life of  extinct species 
and evaluate their adaption process. 

C H A P T E R
OBJECTIVES AND STRUCTURE 
OF THE DISSERTATION

2. Objectives and Structure Of  The Dissertation
2.1. Objectives Of  The Dissertation
The objectives of  this PhD research are: 
1. Identification and description of  the lesions affecting the skeletal and dental remains 
of  the following original human fossil samples:
 A. The Pleistocene sites of  Atapuerca, namely Sima del Elefante (TE), Gran Dolina 
(TD) and Sima de los Huesos (SH) sites.
 B. Several Eurasian localities that include hominin populations that have been 
phylogenetically related to those of  Atapuerca, or that share a geographical and/or chronological 
frames with these populations:
a. Fossil material from the Dmanisi site (Republic of  Georgia)
b. Homo erectus (Yiyuan) 
c. Homo neanderthalensis (La Chapelle-aux-Saints, La Ferrassie I, La 
Quina, Tabun, Gibraltar 1)
d. Homo rhodesiensis (Broken Hill 1)
2. Diagnostic Hypothesis.
3. Differential Diagnosis.
4. Prognosis, evolution and evaluation of  the behavioural and/or adaptive implications 
of  the lesions to an individual and/or species level. 
5. Evaluation of  the degree of  morphological alteration caused by the pathological 
conditions and to what extent these interfere with the taxonomic assessment of  the fossil.
6. Synthesis and critic review of  the palaeopathological studies on Australopithecus and 
Homo fossil record.
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2.2. Structure Of  The Dissertation 
This is an article-based thesis; that is, the articles studying the original material represent 
the novel component of  this dissertation. A total of  eight articles, six published and two in 
preparation, are included in the dissertation (see Chapter 5). These represent the core of  the 
research and thus the dissertation is structured accordingly to the article format and comprises 
eight chapters.
Chapter 1, Introduction, presents the state of  the palaeopathological field, the advances 
achieved through the years including the change of  paradigm and the new approach, the new 
methodologies applied to the human remains; as well as the role of  palaeopathology in the 
study of  human evolution. The Objectives section, Chapter 2, lists the aims proposed in this 
PhD research, as well as the structure. The Material section, Chapter 3, comprises all the 
fossils collections studied. These are divided into three subsections: the original, the original 
comparative and the bibliographic material. Chapter 4, the Methodology section, describes a 
summary of  all the techniques employed during the years of  research. The techniques applied 
in each study can be found in the corresponding articles, including a complete description of  
the technique, established protocols and achieved results. Chapter 5, the Results section, is 
the core of  the research and includes the six published articles and two in preparation. The 
Discussion, Chapter 6, section is dived into two categories. First, Synthesis and Revision of  the 
Pathologies in the Fossil Record, where the review of  previous published diagnoses is presented in 
pathological categories and chronological order. Secondly, Evaluation, Prognosis and Evolutionary 
considerations addresses the results (original articles and critical review) from a general perspective 
and also discusses the possible behavioural and adaptive inferences for the individual and the 
group. Finally, Future studies addresses the intended lines of  research to continue with the 
pathological research and to further contribute to the study of  human evolution. Chapter 7, 
the Conclusion section, summarizes the most relevant outputs of  this PhD research, tackling 
one by one the objectives and the degree of  achievement. Chapter 8, Bibliography, includes 
the reference list of  the works cited through this manuscript. 
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C H A P T E R
MATERIAL

3. Material
Two categories of  materials were chosen for study, original and bibliographic. The original 
material, further subdivided into original and original comparative, is the object of  study and 
constitutes the six published articles and the two articles in preparation. The second category, 
bibliographic material, corresponds to fossil specimens that were already published. Here are 
presented and reconsidered for a synthesis, critical analysis and interpretation of  the palaeopa-
thological conditions within the current understanding of  human evolution (complete list of  
the material studied can be found in Table 6.7 and Chapter 5 Articles 1-8).
In addition to the identification and implication of  the lesions, palaeopathological studies 
have also been proposed to contribute to the understanding of  the adaption process as well as 
to infer possible phylogenetic links. In order to provide a comprehensive evolutionary context 
a description of  the species and their context, namely, site, chronology, environmental and 
industry characteristics, as well as a discussion of  the phylogenetic position is presented in this 
section. The original material, as central part of  the research, is more extensively discussed 
relative to the comparative material. Finally, the bibliographic material is briefly presented and 
will be developed in the results section. 
The complete original material comprises the fossil populations from the Atapuerca 
complex. These include: 
Early Pleistocene mandibular bone and associated dental remains from Sima del Elefante 
site held temporarily at the Centro Nacional de Investigación sobre la Evolución Humana, 
Burgos, España (CENIEH). 
Early Pleistocene collection of  Homo antecessor from Gran Dolina site, including cranial, 
dental and postcranial remains, held temporarily at the Centro Nacional de Investigación sobre 
la Evolución Humana, Burgos, España (CENIEH). 
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Middle Pleistocene fossil collection from Sima de los Huesos site, cranial and associated 
dental remains, held at the Centro Mixto UCM-ISCIII de Evolución y Comportamiento 
Humanos (Madrid, España). 
The original comparative material includes original fossils, from several localities in Eurasia 
and Africa, that have been phylogenetically related to those of  Atapuerca or shared similar 
geographic or chronological frames, allowing the tentative identification of  evolutionary, 
behavioural and biological trends. These collections are held in different institutions, its access 
is restricted and authorization for the study was obtained. These include:
Early Pleistocene specimen D2600, mandible and associated dental remains, from 
Dmanisi site (Republic of  Georgia) held at the National Museum of  Georgia (Tbilisi, Republic 
of  Georgia). The study of  the fossil collection was performed under the Cooperation Treaty 
between Spain and the Republic of  Georgia, hosted by the Fundación Duques de Soria and 
the Georgian National Museum. 
Middle Pleistocene Broken Hill 1, Homo rhodesiensis, from Kabwe (Zambia) held at the 
National History Museum (London, England). The study was financed by Synthesys (Systhesis 
of  Systematic Resources) Grant.
Middle Pleistocene Homo erectus material, dental remains, from Yiyuan (China) held at 
the IVPP (Institute of  Vertebral Paleontology and Paleoanthropology, Chinese Academia of  
Science). The study of  the material was performed under the Cooperation Program of  Bureau 
of  International Cooperation (BIC), Chinese Academy of  Science, entitled: The comparisons 
of  hominin fossils between China and Spain, and human origin and evolution in Eurasia 
(Grant nºGJHZ201314). 
Late Pleistocene Homo neanderthalensis remains, cranial and associated dental remains, from 
the French sites of  La Chapelle, La Ferrassie and La Quina held at the Musée de l’Homme 
(Paris, France). The study of  the fossils was financed by Programa Jóvenes Excelentes Grant 
(Fundación Gutiérrez Manrique-Obra Social Caja de Burgos). 
Late Pleistocene Homo neanderthalensis collections, cranial and associated dental remains, 
from Tabun (Israel), Gibraltar (U.K) held at the National History Museum (London, England). 
The study was financed by Synthesys (Systhesis of  Systematic Resources) Grant. 
3.1. Original Fossil Material
The first dispersal out of  Africa and the colonization of  Europe is still an open debate, 
and as of  now a lot of  “holes” need to be filled. There is a generalised idea that all the Eurasian 
hominins come from a variable number of  Out of  Africa expansions (e.g., Carbonell et al. 
1999; Dennell 2003, Templeton 2012). However, in the last decades the discovery of  fossils in 
Early Pleistocene sites, such as Dmanisi, Sima del Elefante and Gran Dolina, have contributed 
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to the proposal of  alternative hypothetical models. 
According to Dennell and Roebroeks (2005) the first dispersal could be pushed back 
as far as 3.5 Ma ago when the Saharan-Arabian desert barrier did not exist; or shortly after, 
around 2.6 Ma ago, when stone tools became an increasing part of  the part of  the cultural 
“hominin repertoire”. The authors state that these theories imply a change of  paradigm 
regarding the origin of  certain species. For instance, Homo ergaster could have originated in 
Asia, and its African form would be the result of  a migration from Asia into Africa. Dennell 
and colleagues (2010) propose a new dispersal model based on the existence of  a Central Area 
of  Dispersals of  Eurasia (CADE) where Dmanisi would have played an important role. This 
model explains the colonization of  Europe from the Early and during the Middle Pleistocene 
as the result of  migrational pulses from a central area, possibly located in Western Eurasia. 
Resident population in the CADE would have experienced its own variation through time, and 
this variation would be reflected in each of  those migration pulses. In addition, the population 
from the CADE and peripheral areas would have been isolated from each other due to 
geographical and climatic barriers which would favour allopatric speciation by genetic drift and 
random allelic variation. Data from faunal remains also support mammalian migrations within 
Eurasia prior and during the Middle Pleistocene, and it would further evince a scenario where 
Eurasian populations are not necessarily the result of  Out of  Africa dispersals, but rather of  
speciation events within Eurasia (e.g., Dennell 2003; Dennell et al. 2011). Indeed, the Sima 
del Elefante mandible (Atapuerca, Spain) represents the earliest evidence of  Homo species in 
Western Europe (Bermúdez de Castro et al. 2011; Carbonell et al. 2008; Martinón-Torres et 
al. 2011a), and could evince a migrational pulse during the Early Pleistocene from Western 
Eurasia into Europe. As for the Dmanisi populations, these could represent the central area of  
this dispersal or the peripheral areas that sent another population pulse (Dennell et al. 2010; 
Martinón-Torres et al. 2011b).
3.1.1. Dmanisi site 
Over the course of  the last decades the findings unearthed at the Dmanisi site have 
generated a vivid and continued scientific debate about different aspects within the 
paleoantrhopological field, such as taxonomic affinity, phylogenetic position, intraspecies 
variability and the first human out of  Africa dispersal. 
The Dmanisi site is located 85 km southwest from the capital Tbilisi (Republic of  
Georgia) under the ruins of  a medieval castle. It sits on top of  an erosional spur near the 
confluence of  the rivers Masavera and Pinozouri, 80 m above of  the present water levels. 
Since 1991 the excavation has yielded a rich sample of  lithics, hominin and faunal fossils (e.g., 
Gabounia et al. 2000a,b, 2001, 2002; Lordkipanidze et al. 2013). The total hominin assemblage 
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comprises cranial and post-cranial remains associated with at least five individuals (e.g., Bräuer 
and Schultz 1996; Gabunia and Vekua 1995; Gabunia et al. 2000a,b; Lordkipanidze et al. 2005, 
2006, 2007; Rightmire et al. 2006, 2008; Rosas and Bermúdez de Castro 1998; Vekua et al. 
2002). In particular, the cranial assemblage includes five skulls and four mandibles associated 
with five adults and one sub-adult individual; on the other hand, the postcranial remains 
consist of  several vertebrae, ribs, clavicles, numerous metatarsals, three humeri, one femur and 
one tibia among others associated to two adults and one sub-adult individual (Gabunia et al. 
2000b; Lordkipanidze et al. 2005, 2006, 2007, 2013; Rightmire et al. 2006, 2008; Vekua et al. 
2002; see also Table 3.1).
The studies of  the cranial and mandibular remains by different research teams has 
resulted in the attribution of  the Dmanisi hominins to a variety of  species; such as Homo erectus 
(Gabunia and Vekua 1995; Rightmire et al. 2006), late Homo erectus (Bräuer and Schultz 1996); 
Homo sp. indet. (aff. ergaster; Rosas and Bermúdez de Castro 1998), Homo ex gr. ergaster (Gabunia 
et al. 2000b), and most recently Homo erectus ergaster  (Lordkipanidze et al. 2013). Based on the 
distinctiveness of  the morphological traits of  D2600, compared to Homo habilis and Homo 
erectus, Gabounia and colleagues (2002) proposed a new taxonomic assignment and named the 
species Homo georgicus, with D2600 as its holotype. The taxonomic assignment of  the complete 
fossil assemblage to only one species raised controversy and still the debate continues. Opposed 
positions are maintained, some researchers defending the single population hypothesis versus 
other researches supporting the two populations hypothesis. 
Those researchers in favour of  the single population hypothesis present anatomical, 
geological, chronological, lithic and palaeopathological data to support the hypothesis. Early 
studies suggested that the deposition of  the assemblage, including faunal, human and lithic 
remains, occurred in a short interval of  time and restricted spatial distribution (Gabunia and 
Vekua 1995; Gabunia et al. 2001; Vekua et al. 2002). Following the taxonomic assignment of  
the species, Gabounia et al. (2002) and Rightmire et al. (2008) concluded that the noticeable 
morphological and metrical differences between the D2600 individual and the rest of  the 
Dmanisi mandibles were consequence of  a marked sexual dimorphism. 
Furthermore, two recent studies insisted in the taxonomical assignment of  the entire 
hominin assemblage to the same taxon. In a recent article, Lordkipanidze and colleagues 
(2013) presented the new cranium specimen D4500 that fits with the D2600 mandible, now 
known as skull 5. The researchers described the morphological characteristics of  this cranium 
and compared it to the rest of  the assemblage and concluded that the variability seen between 
the five Dmanisi crania can be accommodated in a single taxon. In addition, according to 
Margvelashvili et al. (2013) the morphological differences between D2600 and the rest of  the 
mandibles are consequence of  pathological processes. Finally, based on the results obtained 
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Specimen Number Bone element Age
D228 Skull Adult
D2282
D211
Skull
Mandible
Young adult
D4500
D2600
Skull
Mandible
Adult
D2700
D2735
Skull
Mandible                                         
Subadult
Adult
D3444
D3900
Skull
Mandible Subadult
D2724
D2716
D2717
D2673
D2674
D2713
D2672
D2715
D2680
D3160
D2679
D3480
D2671
D2669
D2670
Left clavicle
Right clavicle
11th rib
Axis vertebra
3rd thoracic vertebra
10th thoracic vertebra
1st lumbar vertebra
Right humerus
Left humerus
Left femur
Distal manual phalanx
Distal manual phalanx
1st right metatarsal
4th right metatarsal
Right 1st distal pedal 
phalanx
Table 3.1. Fossil sample from Dmanisi site
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through the comparative analysis with other specimens of  African origin, Lordkipanidze and 
colleagues (2013) place the Dmanisi remains within the Homo erectus ergaster species, and rename 
the species as Homo erectus ergaster georgicus to denote its geographical location. They further 
suggest that the Dmanisi assemblage would represent the Eurasian population of  an early 
Homo single lineage, with continuity across continents. The alternative hypotheses suggested 
the existence of  two paleodemes. One represented by the Skull 5, specimens D4500 and 
D2600, and a second one that would include the rest of  the individuals (Bermúdez de Castro 
et al. 2014; Gabounia et al. 2002; Martinón-Torres et al. 2008; Rightmire et al. 2008; Skinner 
et al. 2006). 
In their metric and morphological comparative study, Skinner and colleagues (2006) 
argued that the sexual dimorphism suggested for Dmanisi population (Gabounia et al. 2002; 
Rightmire et al. 2008) would exceed the degree of  dimorphism found in Pongo, Gorilla, Pan and 
Figure 3.1. 
Schematic representation of  the stratigraphic units of  the Dmanisi site (Bermúdez de Castro et al. 2014)
Figure 3.2. 
Panoramic view of  the Atapuerca Hill range. (Photo: Diego Arceredillo Alonso). 
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Homo species, making this hypothesis highly unlikely.  In turn, Martinón-Torres et al. (2008) 
pointed that, although the D2600 teeth exhibit severe occlusal wear, there were indeed enough 
differences between the dental characteristics of  this and the other individuals to strengthen 
the hypothesis of  the two paleodemes. That is, the primitive increasing molar series (M2<M3; 
shared with Australopithecus, Paranthropus, and the majority of  Homo specimens) together with the 
root pattern and crown dimensions exhibited by D2600 individual could contribute to validate 
the hypothesis previously suggested by Skinner et al. (2006). 
The first stratigraphic and chronological studies did not contribute to the better 
understanding of  the Dmanisi hominins. Previous studies supported the accumulation of  the 
remains in a short period of  time (Ferring et al. 2011; Gabunia and Vekua 1995; Lordkipanidze 
et al. 2006, 2007), and suggested a chronological age for the entire fossil sample, based on 
geomagnetic polarity, Radiometric (40Ar/39Ar) analysis and biogeographic indicators pointed 
to an interval of  1.81-1.77 Ma. In recent years a series of  studies have challenged these data. 
Chronological studies conducted by Goguitchaichvili and Parés (2000) and Calvo-Rathert et al. 
(2008) did not confirm the Matuyama age, but supported instead the possibility of  a younger 
age, between 1.77-1.07 Ma. In addition, Baena and colleagues (2010) identified two different 
lithic technologies that could be in agreement with the existence of  two different populations.
In summary, a series of  studies have presented morphological, chronological, 
stratigraphical (Fig. 3.1), and industry data supporting both the single population and the two 
paleodemes hypotheses. Two different studies included in this dissertation contribute to this 
open discussion. The study of  the D2600 mandible addresses two questions; first, whether or 
not the morphological differences between the specimen D2600 and the rest of  specimens 
are consequence of  pathological processes. Second, the possibility of  one or two paleodemes 
represented in the site (Chapter 5, Articles 4 and 5) 
3.1.2. Atapuerca sites 
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The Sierra de Atapuerca (Fig. 3.2) is located 15 km east from the city of  Burgos. The hill 
range stretch from north-east to south-west and the average altitude is 1.079 m above the sea 
level and 100 m above the Arlazón River. 
In the interior of  this karstic complex there are more than 4 km of  cavities (Carbonell 
et al. 1999b). Although four sites within the Atapuerca complex have yielded human remains, 
only three of  them, Sima del Elefante (TE), Gran Dolina (TD) and Sima de los Huesos (SH) 
sites, will be described in this section since the palaeopathological study is focused in the fossil 
collections of  these sites. 
The Atapuerca complex, with these three sites and their fossil assemblages, challenged the 
traditional conception of  the “short chronology” for the European continent and evidenced 
the colonisation of  southern areas of  Europe prior to 500 ka (Dennell and Roebroeks 1996; 
Roebroeks and van Kolfschoten 1994). The new data along with the revision of  previous works 
have prompted the necessity of  searching new evolutive scenarios in order to accommodate 
this fossil data within the world and specifically within the European framework. This would 
question the long-established conception of  an “out of  Africa” origin for the Eurasian Early 
and Middle Pleistocene fossils, and the interpretation of  the Asian hominins as evolutionary 
“dead ends”. A series of  new studies proposed a European identity (or loss of  African identity) 
for these populations (e.g., Bermúdez de Castro and Martinón-Torres 2013; Bermúdez de 
Castro et al. 2011, 2013; Martinón-Torres et al. 2007a). In contrast, other researchers have 
proposed alternative scenarios for the colonization of  Europe (e.g., Buck and Stringer 2014; 
Harvati 2007). 
This thesis will contribute, through the original studies and the review of  previous 
diagnoses, to expand the knowledge about the Atapuerca hominins. To do so we not only 
have identified and described the lesions, but also have evaluated the possible influence of  
pathological lesions in the taxonomic assessments, inferred adaptation mechanisms, the health 
status and the implications for the individuals. 
3.1.2.1. Sima del Elefante (TE) site
Sima del Elefante cave is a karstic infill that blocks the entrance to the “Galería Baja”, a 
gallery that is part of  the Cueva Mayor-Cueva del Silo complex (Fig. 3.3). 
The exposed stratigraphic sequence is 25 m thick and 15 m wide and it has been 
systematically excavated since 1996. The stratigraphic section has being divided into three 
sedimentary units that contain in turn 21 lito-stratigraphic units (see Fig 3.4). The lower phase 
includes from the bottom to the lito-stratigraphic unit TE14; the middle phase groups from 
TE15 to TE19; and finally, the upper phase includes TE20 and TE21 (see Fig. 3.4 and Rosas 
et al. 2006a). Only 15 lito-stratigraphic units are exposed (from TE7 to TE21), and the 
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Figure 3.3. 
View of  the Sima del Elefante site (Photo: Diego Arceredillo Alonso).
Figure 3.4. 
Stratigraphic profile of  the Sima del Elefante cave site (Bermúdez de Castro et al. 2013).
information from the other six comes from two core samples (Carbonell et al. 2008; Rosas et 
al. 2006a).
During the excavation works, human and fauna fossils, as well as stone tools have 
been recovered (Bermúdez de Castro et al. 2011; Carbonell et al. 2008; Cuenca-Bescós et al. 
2013; García et al. 2008; Rosas et al. 2006a).  The human fossil assemblage comes from the 
lito-stratigraphic unit TE9, C level, and was recovered in successive field seasons (Fig. 3.4). 
A mandibular fragment and associated teeth were recovered during the 2007 field season; a 
proximal left manual phalanx in 2008, and in 2009 a fragment of  a humerus (Bermúdez de 
Castro et al. 2012; Carbonell et al. 2008). A lithic assemblage of  32 artefacts has also been 
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recovered from this unit. The assemblage consists of  four simple flakes, five waste flakes 
and 23 indeterminate items. The raw materials are Neogene and Cretaceous chert and can be 
found in the proximities of  the site (Carbonell et al. 2008). 
The age assessment of  TE9 is based in geochronological and biostratgraphic indicators. 
The paleomagnetic analysis of  the units TE7-TE16 show reverse magnetization direction, 
thus a Matuyama age, 1.78-0.78 Ma, (see Fig. 3.4, the asterisk marks the moment of  reversed 
polarization). Moreover, the cosmogenic analysis (26Al and 10Be) of  two nuclides from units 
TE9b and TE7 revealed a date range of  0.95-1.38 Ma (Carbonell et al. 2008; Rosas et al. 
2006a). This chronology is also supported by biostratigraphical data. Micrommalian species 
and a large mustelid recovered from TE7 to TE14 units are indicative of  age range 1.5-1.1 Ma 
(Cuenca-Bescós et al. 2013; García et al. 2008). In addition, the stone tools (Mode 1) exhibit 
similar technical features as other Early European lithic assemblages, and are related to basic 
activities of  processing and consuming meat and marrow. The entire lithic sample recovered 
from TE also includes artefacts from units TE11 and TE12 (level A) Mode 1, TE18 Mode 2 
and TE19 Mode 3.
 In 2008, a preliminary taxonomic assignment of  the mandible and associated teeth 
was presented (Carbonell et al. 2008). The mandible (TE9-1) expresses primitive and derived 
morphological traits. For instance, the presence of  anterior margin tubercle and its location, 
C/P3, is a primitive condition shared with Plio-Pleistocene hominins from Africa (Homo habilis 
OH37) and Eurasia (specimens D211, D2735 and D2600 from Dmanisi), and with the derived 
morphology of  the posterior surface of  the symphyseal region, lack of  marked planum alveolar 
and superior transverse torus, compared to early Homo specimens. Thus, the mandible was 
provisionally assigned to Homo antecessor species. The posterior study carried out by Bermúdez 
de Castro et al. (2011) included, as well as the morphological analysis of  the mandible and 
dental remains, external enamel crown and roots, geometric morphometric of  the mandibular 
left P4 (LP
4
) enamel crown and the morphological analysis of  the radicular canals of  the 
entire tooth sample. The two new techniques contributed to a more detailed description of  
the remains, although the taxonomic assignment remains unclear. The analysis of  this LP4 
through geometric morphometrics suggested a primitive conformation: strong asymmetry, 
conspicuous talonid, among others. Although TE teeth share similarities with Gran Dolina 
in the inner canal morphology, its phylogenetic significance requires deeper study (see also 
Prado-Simón et al. 2012). In light of  these findings the researchers preferred not to conclude a 
taxonomic assigment for TE human fossils and to refer to them as Homo sp. Thus, the human 
fossil sample of  TE constitutes the oldest proof  of  hominin presence in Western Europe and 
its discovery raised the subject of  the first dispersal into the Old Continent and the origin, Asia 
versus Africa, of  such dispersals. 
29
M A T E R I A L 
Figure 3.5. 
View of  the Gran Dolina site  (Photo: Isidoro Campaña Lozano).
3.1.2.2. Gran Dolina (TD) site
The Gran Dolina (TD) cave is located in the most southwestern sector of  the Sierra 
de Atapuerca trench. The 18 m thick sedimentary infill is composed of  interior and 
exterior deposits, that were exposed due to the construction of  a railway trench (Parés and 
Pérez-González 1999).  Gil et al. (1987) established the basic eleven litostratigraphic units and 
described the sedimentary deposits from TD1 (bottom) to TD11 (top). The TD1 and TD2 
sedimentary units are composed of  interior facies without external influence. On the contrary, 
TD3-4 to TD11 units are exterior deposits containing minor interior deposits (Fig. 3.5). 
TD6 unit is between 2 and 2.5 m thick and composed of  clastic flows, coarsen upwards 
Figure 3.6. 
The Stratigraphic profile of  the Gran Dolina cave site (Bermúdez de Castro et al. 2013).
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and little clay matrix. A survey of  six squared m in the south section of  this unit resulted in the 
description of  the Aurora Stratum; this is 20 cm thick and composed of  lutite with clasts. In 
1994, Aurora strtum yielded the first human remains and stone tools (Carbonell et al. 1995). 
The first paleomagnetic studies revealed the presence of  Matuyama/Bruhnes boundary at the 
top of  TD7 unit, approximately one metre above the Aurora Stratum, suggesting an age for 
TD6 ca. 800 ka (Parés and Pérez-González 1995).
To present the application of  several chronological techniques in the sediment TD6 unit, 
including geomagnetic polarity, Electro Spin Resonance (ESR), Uranium series (U-series) and 
Termoluminiscence (TL), suggest two different moments (e.g., Arnold et al. in press; Parés 
et al. 2013). Berger and collegues (2008), through the application of  TL and infrared-stimu-
lated-luminescence (IRSL) techniques, and Parés and colleagues (2013) paleomagnetic data 
suggest an age around 900 ka for the human-bearing sediments, possibly formed during MIS 
25. In contrast, data obtained by other researchers would suggest a slightly later chronology 
for the sediments (e.g., Arnold et al. in press; Falguères et al. 1999; Moreno 2011). First 
Paleomagnetic dating suggested an age for TD6 older than 780 ka (Parés and Pérez-González 
1995; Parés and Pérez-González 1999). Falguères and colleagues (1999) with the application 
of  ERS and US-series dating methods obtained an age for the TD6 unit of  770 ±116 ka 
and 762 ±114 ka respectively. Moreno (2011), based on ESR-OB (optically bleached quartz), 
obtained a data for the unit between 800 ka and 880 ka. Recently, Lee and colleagues (in press) 
applied luminescence dating techniques, including thermally transferred optically stimulated 
luminescence (TT-OSL), post-infrared infrared stimulated luminescence (pIR-IRSL) and OSL 
dating of  individual quartz super-grains suggest an age of  846 ± 57 ka (Fig. 3.6).
In addition, biochronological indicators have further supported the Early Pleistocene 
dating. Cuenca-Bescós and colleagues (1999) identified at this unit three species of  rodents, 
Mimomys savini, Pliomys episcopalis, and Iberomys huescarensis, indicative of  Early Pleistocene period. 
On the other hand, the analysis of  pollen perfomed by García-Antón (1998) and Rodríguez 
et al. (2011) identified Mediterranean taxons such as Celtis, Pistacia, and Quercus, characteristic 
of  a Mediterranean climatic conditions. Thus, based on faunal and vegetation indicators it is 
more likely that Homo antecessor lived during a warm period characterised by an open woodland 
and steppe landscape (Cuenca-Bescós et al. 1999; García Antón 1998; Rodríguez et al. 2011).
Since the first unearthing in 1994 the number of  human and faunal remains and stone 
tools has increased in every field season (Bermúdez de Castro et al. 2008; Carbonell et al. 
2005). The morphology of  the tools would correspond to that of  the Oldowan industry or 
Mode I (Carbonell et al. 1995, 1999a). The estimated minimum number of  individuals (MNI) 
of  TD6 sample is based on dental remains. Bermúdez de Castro et al. (2006) determined 
that the dental remains represented a MNI of  nine individuals; however posterior discoveries 
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increased the MNI to eleven (Bermúdez de Castro et al. 2010), with an age range from 
infants to young adults (Table 3.2). The complete human sample comprises 150 remains and 
includes cranial and post-cranial elements (Bermúdez de Castro and Nicolás 1997a; Carbonell 
et al. 2005; Carretero et al. 1999; Pablos et al. 2012). The unique combination of  modern 
facial features combined with a primitive morphological dentition expressed by the fossils 
motivated to name a new species, Homo antecessor (Bermúdez de Castro et al. 1997c).  To 
this mosaic of  characters, the analysis of  the specimen ATD6-112 dental remains (M1 and 
I1) showed that this new species possessed a modern-human developmental pattern. Thus, 
the characteristic Homo sapiens childhood phase could also be suggested for Homo antecessor 
(Bermúdez de Castro et al. 1999, 2003a, 2010). Recently the modern facial features have been 
further supported by the study of  the immature specimen ATD6-69. Lacruz and colleagues 
(2013) through the application of  SEM technique identified growth-remodelling areas in 
ATD6-69 similar to those seen in Homo sapiens. The authors concluded that the developmental 
patterns responsible for the modern facial morphology can be traced back to Homo antecessor. 
Numerous studies have also contributed to further determine other traits of  the species (e.g., 
Bermúdez de Castro et al. 2012; Gómez-Olivencia et al. 2010; Gómez-Robles et al. 2007, 
2012; Martinón-Torres et al. 2007b; Pablos et al. 2012). For instance, based on pedal remains, 
Carretero and colleagues (2012) estimated the mean stature for this species in 172.6 cm. In 
addition to this, Pablos et al. (2012) obtained a minimum stature of  173.4 ±5.1 cm for males 
and 167.6 ±4.7 cm for females. The taphonomical study carried out by Fernández-Jalvo et 
al. (1999) determined that the individuals found in TD6 had been cannibalised. This practice 
was performed despite the abundance of  resources (Cuenca-Bescós et al. 1999; Rodríguez et 
al. 2011; Rodríguez-Gómez et al. 2013). Thus, it has been suggested that cannibalism was not 
Table 3.2. Homo antecessor individuals from Atapuerca-Gran Dolina
 
 
 
 
 
Individual (specimens) Number Age at death Age Category 
H1 (ATD6-1 to ATD6-13) <13  Juvenile 
H2 (ATD6-14) 3-3.5 Infant 
H3 (ATD6-69 and ATD6-15) 9-10 Infant 
H4 (ATD6-48) 18 Young Adult 
H5 (ATD6-93and ATD6-94) 5 Infant 
H6 (ATD6-312) >5 Infant 
H7 (ATD6-96) 15 -16 Juvenile 
H8 (ATD6-101) 6-9 Infant 
H9 (ATD6-102) 2.5-3 Infant 
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Figure 3.7. 
The Stratigraphic profile of  the Sima de los Huesos cave site (Ortega, after Arsuaga et al. 2014, Fig. 2)
the consequence of  nutritional stress (Carbonell et al. 2010). The large availability of  food 
resources together with the identification of  cannibalistic practices in different stratigraphic 
units indicates that the individuals employed this practice through time. As an alternative 
hypothesis, researchers proposed a type of  cultural cannibalism with a functional purpose 
(Carbonell et al. 2010). According to Saladié et al. (2012, 2014) this behaviour was caused by 
environmental pressures (high level of  competition for the resources) in order to protect the 
group’s catchment territory. 
3.1.2.3. Sima de los Huesos (SH) site
The site of  Sima de los Huesos (SH) is located within the Cueva Mayor-Cueva del Silo 
karst system and 500 m distance from the entrance at the Cueva Mayor. The entrance of  
Cueva Mayor cave is a large chamber named El Portalón; it bears important and rich Neolithic, 
Bronze Age, and Medieval occupation sites. On the way from El Portalón to the SH site 
the path constrains followed by a large chamber that leads to the junction of  three galleries. 
Galería Baja leads to the Sima del Elefante site, and Galería del Silo ends above the Cíclopes 
chamber, just below the access to the SH site. The site is a pit 13 m deep followed by a steep 
slope named SH Ramp (SR), and the second area located at the end of  the passage is named 
SH Chamber. It is from this side of  the site where the majority of  the fossil remains have been 
unearthed since 1976 (Arsuaga et al. 1990, 1991, 1993, 1997a,b, 2014).
The sedimentary record is subdivided into 12 lito-stratigraphic units (LU-1 to LU-12). The 
deposits are a great variation of  sediments created by cycles of  cut and fill. Only subunits LU-6 
and LU-7 contain hominin and carnivore remains. LU-6 consists of  plastic red-brown clays 
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and amounts of  speleothem intraclasts. The overlying unit, LU-7, is a light brown clayey layer 
containing carnivore bones, extraclasts, quartz and feldspars, and phylosilicates. This sediment 
originated outside and was transported into the cave, SH chamber, as a debris flow (Arsuaga 
et al. 2014, see Fig. 3.7). Previous chronological studies yielded a minimum age of  200 ka 
and a maximum of  ca. 600 ka for the human remains (Bischoff  et al., 1997, 2003; 2007). The 
most recent chronological study, by post-infrared-infrared stimulated luminescence (pIR-IR) 
dating analyses of  K-feldspars and thermally transferred optically stimulated luminescence 
(TT-OSL), suggested an age of  427 ± 12 ka for the underlying hominin fossils (Arnold et al. 
2014).  
From this small cavity of  8 m2 x 4 m2 about 6500 human remains have been recovered, 
and this number increases with every field season. The estimated MNI of  SH sample, based 
on the dental remains, is 28 (Bermúdez de Castro et al. 2004a,b). It has been suggested that 
the individuals belong to a biological population based on morphological homogeneity and 
sedimentary data. That is, the remains recovered from disparate sectors (SH proper and SR) fit 
together and do not present signs of  long distance transport; moreover the presence of  fragile 
in situ calcite rafts and pool-spar speleothems evince that the remains were not transported 
during different events (Arsuaga et al. 2014). The taphonomical reassessment of  the SH human 
remains conducted by Sala and colleagues presented new results and interpretations in contrast 
to previous studies (Andrews and Fernández-Jalvo 1997; Arsuaga et al. 1990). Due to the low 
percentage of  marks recorded the researchers concluded that the carnivore activity at the site 
was sporadic. This finding has been Moreover, they suggested that the carnivore modification 
was more likely product of  bear activity, and thus the human accumulation is consequence of  
other episode but bear transport into the cave. From a demographic perspective, the age at 
death of  the individuals, mainly juveniles and young adults, is characteristic of  a catastrophic 
profile (Bocquet-Appel and Arsuaga 1999). Thus, the taphonomic and the sedimentary 
information suggest an anthropic accumulation for the SH remains. Moreover, the discovery 
of  a handaxe, the only lithic tool recovered so far, could further support the anthropic origin 
of  the SH accumulation. The finding has been suggested to represent a symbolic behaviour of  
this population (Carbonell et al. 2003). Pollen analysis identified the predominance of  conifers 
(Pinus), mesic trees (deciduous Quercus) and Mediterranean trees (evergreen Quercus). The 
faunal record is characterised by large carnivores (e.g., P. leo, Canius lupus) and herbivores (e.g., 
Stephanorhinus hemitoechus, Bos primigenius). The pollen and faunal analyses in combination with 
stable isotopic data are compatible with a lanscape of  savannah-like open woodland (García 
et al. 2008; Rodríguez et al. 2011). In this ecological niche, SH hominins would have occupied 
a trophic position similar to that of  large predators, such as lions (García and Arsuaga 2011). 
To date the SH hominin sample is the largest in the fossil record belonging to a single species, 
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and in this case it also provides the unique opportunity to study the intra-population variability. 
The pattern of  dental development, based on the enamel extension rate of  the dental remains 
of  SH individuals as well as the stage of  tooth root development belonging to Hominin 
XVIII, of  the SH individuals was similar to that of  modern humans (Bermúdez de Castro 
and Rosas 2001; Ramirez Rozzi and Bermúdez de Castro 2004).  Regarding stature, the mean 
height estimated for SH individuals, based on long bones, is of  163.6 cm; for males 166.7 cm 
and females 157.7 cm (Carretero et al. 2012). 
 The numerous publications about SH individuals not only have contributed to 
characterise this population, but also to progress in the taxonomic debate of  the European 
Middle Pleistocene populations (e.g., Arsuaga et al. 1997a,b, 2014; Bermúdez de Castro et 
al. 2003b; Bonmatí et al. 2010; Carretero et al. 1997, 2012; Gómez-Olivencia et al. 2007; 
Gómez-Robles et al. 2008; Gracia et al. 2010; Martinón-Torres et al. 2012). The sample 
shows a consistent morphological pattern with derived Neandertal features present in the 
face and anterior vault, many of  which are related to the masticatory system (Martinón-Torres 
et al. 2012; Arsuaga et al. 2014). Previous studies assigned SH fossils to Homo heidelbergensis, 
understood as a chronospecies of  the Neanderthal lineage (Arsuaga et al. 1997a). However, 
the lack of  derived Neandertal features in the Mauer mandible, the type specimen of  Homo 
heidelbergensis, would question the allocation of  SH in this taxon (Arsuaga et al. 2014). The 
evolution of  the Neandertal lineage points to a mosaic pattern of  evolution, with different 
anatomical and functional modules evolving at different rates. More than one evolutionary 
lineage appears to have coexisted during the European Middle Pleistocene, and SH could 
represent a sister group to the Neandertals (Martinón-Torres et al. 2012; Arsuaga et al. 2014). 
While some authors defend a progressive accretion of  Neanderthal patterns throughout the 
Middle Pleistocene (e.g., Hublin, 1998), other studies point to a less-lineal evolution towards 
the Neanderthal lineage (Dennell et al. 2011; Martinón-Torres et al. 2012). In addition, the 
analysis of  the mitochondrial DNA from SH points to a close relationship with Denisovans 
and suggest complex evolutionary scenarios during the Middle Pleistocene (Meyer et al. 2013). 
The uniqueness of  this fossil sample, including number of  individuals, age and sex 
represented, and the excellent preservation of  the remains is probably the cause of  the number 
of  articles addressing pathological aspects published to date (e.g., Bermúdez de Castro and 
Pérez 1995; Bonmatí et al. 2010; Gracia et al. 2010; Pérez et al. 1997; Pérez and Martínez 1990, 
1992).
3.1.3. Yiyuan site
The site of  Yiyuan consists of  four fossiliferous caves in the Qizian Hill (Shandong 
province, China; Fig. 3.8). Consecutive archaeological works in 1981 and 1982 of  three fissure 
deposits yielded faunal and human fossils. No stone tools have been found associated to the 
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Figure 3.8. 
Location of  the Chinese sites with human remains, including Yiyuan site
hominin material (Etler and Li 1994; Lu et al. 1989; Norton et al. 2010; Wu and Poirier 1995). 
Human remains, including cranial fragments and teeth, were recovered from Localities 1 and 
3. On the contrary, only faunal remains were identified from Locality 2. The complete fossil 
assemblage recovered consists of  ten specimens: from Locality 1: Sh.y.001 (fragment of  a 
parietal), Sh.y.002.1 and Sh.y.002.2 (two fragments of  frontal bone), Sh.y.005 (RC,), Sh.y.007 
(LP3). And from Locality 3: Sh.y.003 (RP3), Sh.y.004 (LP3), Sh.y.008 (RM2), Sh.y.071 (LP4) 
and Sh.y.072 (RM2), associated to at least three individuals. The morphological study of  the 
remains identified traits similar to those of  Zhoukoudian specimens and concluded that the 
remains belonged to the Homo erectus species (Etler and Li 1994; Lu et al. 1989). The age of  the 
site is based on bioestratigraphical indicators, the faunal remains of  Yiyuan is penecontem-
poraneous to Layers 4 and 5 of  Zhoukoudian Locality 1, thus an age between 300 ka and 640 
ka has been suggested for the Yiyuan remains (Grün et al. 1997; Huang et al. 1993; Shen et al. 
2001; 2009; Wu and Wu 1999). Sun and colleagues (in press), based on the degree of  occlusal 
wear and similarities in their colouration, proposed that Sh.y.005 and Sh.y.007 represent one 
individual; Sh.y003, Sh.y.004, Sh.y.008, and Sh.y.071 represent a second individual; and a 
third individual is represented by Sh.y072. 
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3.2. Original Comparartive Material
This category comprises the original fossil specimens studied in several institutions and included 
in the palaeopathological studies as a comparative sample (see Table 6.7). In total, this sample includes 
five Neanderthal specimens, La Ferrassie I, La Chapelle aux Saints, La Quina 5, Tabun I and 
Gibraltar 1; and Homo rhodesiensis, Broken Hill 1. Since this material has been previously published 
and description can be found elsewhere, only a brief  introduction of  the specimens and the sites is 
given. 
3.2.1. La Ferrassie 
La Ferrassie is a rock shelter complex in the commune of  Savignacde-Miremont 
(Dordogne, France) excavated between 1902 and 1972, with a chronology of  ca. 70 ka. The 
Mousterian level yielded lithic artefacts, faunal and human remains, corresponding to six 
immature and two adult individuals assigned to Homo neanderthalensis species. The hominin 
remains, cranial and postcranial, manifest clear evidences of  sexual dimorphism. It has been 
suggested that the deposition could correspond to a cemetery complex (Delson et al. 2000; 
Fennell and Trinkaus 1997). The two most complete skeletons correspond to La Ferrassie I 
and II (for a complete list of  the remains see Fig. 1 and description from Fennel and Trinkaus, 
1997). The partial skeleton of  La Ferrassie I was determined to be a male and the age at death 
was between 40 and 55 years (Trinkaus 1980; 1995). Some of  the conditions described for this 
individual include extensive periosteal reaction and unusual dental wear pattern (e.g., Fennell 
and Trinkaus 1997; Wallace 1975). 
3.2.2. La Chapelle-aux-Saints
La Chapelle-aux-Saints is a cave in France that yielded the best-known Neanderthal 
skeleton. The partial skeleton, recovered in 1908, was found lying in a shallow pit of  the cave. 
From the sedimentary level above the skeleton Mousterian stone tools and faunal remains, 
such as woolly rhinoceros, ibex and cave hyena, were recovered. Dating suggests an age for the 
site ca. 60 ka (Delson et al. 2000). Boule (1911, 1912, 1913) was the first to study the partial 
skeleton of  this Neanderthal where identified and described several pathological conditions 
affecting the individual. The researcher concluded that this individual could not adopt a fully 
erect posture and that possessed a less efficient bipedal locomotion compared to Homo sapiens. 
Since La Chapelle-aux-Saints individual was considered representative of  the species, this 
description influenced the conception of  the Neanderthal species as more primitive than 
modern humans (Boule 1911; 1912; 1913; Straus and Cave 1957). The skeleton belonged to a 
male individual of  approximately 40 to 45 years at the time of  death (Dawson and Trinkaus 
1997; Trinkaus 1980; 1985). Due to the collection of  pathological conditions described for this 
individual, including degenerative condition of  the spine and generalised antemortem tooth 
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loss, this individual is known as the Old Man of  La Chapelle-aux-Saints (e.g., Dawson and 
Trinkaus 1997; Tappen 1985; Trinkaus 1985). 
3.2.3. La Quina 
La Quina is a rock shelter located in the region of  Charente, France. Since the beginning 
of  the twentieth century the site was excavated under the direction of  Dr. Henri-Martin and, 
subsequently by Germaine Henri-Martin. A large collection of  human and faunal remains, 
together with stone artefacts were first recovered from the Mousterian levels (Henri-Martin 
1966; Martin 1923). Posteriorly new excavations from 1985 to 1994 yielded new human 
remains (Debénath and Jelinek 1998; Verna et al. 2010). Mousterian levels were dated by 
faunal indicators ca. 70 ka, MIS 4 (Chase et al. 1994; Debénath and Jelinek 1998). The remains 
assigned to Homo neanderthalensis consists of  incomplete adult skeleton, La Quina 5, an adult 
mandible, La Quina 9, an infant cranium, La Quina 18 (Delson et al., 2000), and several skull 
fragments (Verna 2006; Verna et al. 2010). Siffre (1911) described artificial grooves pattern in 
the dental remains produced by the use of  tooth-pick. Also in these dental remains, as well as 
in other specimens and species, Bermúdez de Castro and colleagues (1988) identified a series of  
striations in the buccal surface of  the anterior teeth. According to the authors these striations 
were caused by stone artefacts during paramasticatory activities. That is, the piece of  meat was 
held between the teeth and, when cutting them, the tool would be in contact with the enamel 
surface causing the fine striations. In addition, Martin (1923) described a lesion affecting the left 
arm of  individual La Quina 5.
3.2.4. Tabun 
Tabun is a cave 20 km south of  Haifa at the entrance to Wadi Mughara, Israel. The 
excavation of  the site began in the Thirties and has provided rich faunal, lithic and hominin 
collections. The human remains, teeth, cranial and postcranial elements, were recovered from 
different layers and assigned to Homo neanderthalensis species. Within the human assemblage, 
the most remarkable finding is that of  an almost complete female adult skeleton, specimen 
Tabun I, and the mandible of  Tabun II (e.g., Coppa et al. 2005; Garrod and Bate 1937). 
The stratigraphical position of  this individual, therefore its chronology, continues to be under 
debate (for a complete description and discussion see Bar-Yosef  and Callander 1999; Garrod 
and Bate 1937; Trinkaus 1984). Currently, several articles have presented different chronological 
results. ESR analysis of  teeth found in layers B and C resulted in an age of  102 ± 17 ka and 
86 ± 11 ka for layer C and B respectively (Grün et al. 1991). Mercier et al. (1995) obtained an 
average age of  171 ± 17 ka for burned flint by means of  Th. U-series analysis of  Tabun 1 
femur yielded an age around 14-63 ka (Schwarcz et al. 1998). The latest studies by Grün and 
Stringer (2000) and Mercier and Valladas (2003) propose an older age than that obtained by 
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Schwarcz and colleagues (1998). Grün and Stringer (2000) conducted a reassessment of  the 
ESR analysis and estimated an age ca. 104 and 135 ka for layer B and C. In the same manner 
Mercier and Valladas (2003) conducted a reassessment of  the TL analysis of  burned flints and 
proposed an average age of  165 ±16 ka.
3.2.5. Forbes Quarry
Several specimens of  Neanderthal have been recovered in Gibraltar. The earliest discovery 
is that of  Gibraltar 1 from Forbes’ Quarry in 1848 (Rose and Stringer 1997). Later, in 1928, the 
cranial remains of  an infant individual were recovered from Devil’s Tower rock shelter (Zollikofer 
et al. 1995). The human remains recovered from different site in the rock of  Gibraltar have been 
assigned to Homo neanderthalensis. 
Gibraltar 1 corresponds to an almost complete cranium, with a major breakage on the left 
side affecting the frontal, parietal, temporal and occipital bones, that most likely belonged to a 
woman (Rose and Stringer, 1997). Its exact precedence is unknown, as is its chronology though 
an age between 0.45-0.70 ka was suggested for this individual, later studies by Oakley (1964) did 
not confirm this chronology.
3.2.6. Broken Hill (Kabwe)
The cranium Broken Hill 1 was discovered in 1921 in a mine quarry in the region of  Kabwe 
(Zambia). Several remains have recovered from the site, including a right maxillary fragment and 
several postcranial remains belonging to at least three individuals. However, only the fragments 
of  a left tibia and a femoral shaft have been associated to this cranium.  Its taxonomic identity 
as its chronology still remain uncertain and in constant review. The cranium was first described 
by Woodward (1921) and assigned to the new species Homo rhodesiensis. Subsequently the remains 
have been assigned to early Homo sapiens and Homo heidelbergensis (e.g., Montgomery et al. 1994; 
Stringer 2002, 2012). Chronological studies place this individual as early as Middle Pleistocene, 
around 500 ka, and to the last phase of  Late Pleistocene (e.g., Puech et al. 1980; Stringer 2011). 
3.3. Bibliographic Material
The bibliographic material refers to those specimens of  the genus Australopithecus and Homo 
that were previously published as specific palaeopathological articles or included in others that 
mention palaeopathological aspects. These articles and references are presented for a synthesis, 
critical analysis and interpretation of  the palaeopathological conditions. All specimens are briefly 
described; however depending on the nature of  the fossil material, the site, and the available 
bibliography the description will be more extensive. 

C H A P T E R
METHODOLOGY IN THE ANALYSIS 
OF THE SKELETAL LESIONS  

4. Methodology in the Analysis of  the Skeletal Lesions
The study of  pathological conditions consists on the identification of  the abnormality, 
the detailed description of  the lesion, if  possible to reach a diagnosis; and also provide 
information about the behavioural activities causing the lesion. 
Classically, the description and diagnosis of  a pathological condition has relied on 
macroscopic techniques. That is, the visual inspection of  the specimen under study. 
The increasing application of  new microscopic techniques has been a great aid in the 
identification and description of  pathological signs in the specimens. 
In this study, and in addition to the macroscopic inspection of  all original hominin fossils, 
we have also applied three microscopic techniques. These include Computed Tomography 
(CT), Micro-Computed Tomography (mCT), and Scanning Electrone Microscope (SEM). 
These were applied in four of  the six published studies and in both articles in preparation. 
Depending on the lesion and the skeletal elements under study the protocol and technique 
applied was different; the specifics for each sample can be found in the corresponding article 
(see Chapter 5 Articles 1-3, 6-8). 
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a b s t r a c t
Here we present a detailed palaeopathological study of the hominin mandible ATE9-1 found at the Sima
del Elefante site (TE), Sierra de Atapuerca, Spain. This fossil represents the earliest hominin remains from
Western Europe with an age of ca. 1.3 Ma. The specimen displays several dento-gnathic lesions; the
antiquity and geographic location of this fossil justiﬁes a detailed palaeopathological study to determine
if the pathologies have signiﬁcantly altered taxonomically relevant features. Our study reveals severe
dental attrition combined with generalized hypercementosis, alveolar root exposure, mild periodontal
disease, tooth dislocation, and an anomalous occlusal plane. We have also observed calculus deposits,
two cystic lesions and an anomalous wear facet compatible with tooth picking. The majority of these
pathological signs can be explained by compensatory eruption. We propose that these lesions are asso-
ciated as causes, consequences, and ampliﬁers of one another within the framework of heavy and even
traumatic occlusion, masticatory habits, or both traumatic occlusion and masticatory habits. Despite the
severity of these lesions, occlusion was at least partially functional so it was unlikely to inﬂuence
the survival of this individual. In addition, the lesions do not prohibit the taxonomic assessment of the
mandible.
 2011 Elsevier Ltd. All rights reserved.
Introduction
The Sima del Elefante hominin remains represent unequivocal
evidence of the oldest hominin settlement of Western Europe in
the Early Pleistocene (Carbonell et al., 2008). A hominin mandible
(ATE9-1) recovered in 2007 (Carbonell et al., 2008; Bermúdez de
Castro et al., in press), a manual phalanx found in 2008, and
a small fragment of a femur found in 2009, together with artifacts
securely dated between 1.0 and 1.3Ma (Parés et al., 2006; Carbonell
et al., 2008) place the settlement of this continent around 500 kyr
earlier than previously thought (Roebroeks and Kolfschoten, 1994;
Dennell and Roebroeks, 1996; Bermúdez de Castro et al., 1999;
Berger et al., 2008).
The ATE9-1 specimen is a crucial ﬁnding for investigating the
evolutionary dynamics of the ﬁrst human settlers of Western
Europe. The hominin fossil record from the Early Pleistocene in
Europe is scarce, with the Sima del Elefante cave site and the nearby
locality of Gran Dolina TD6 (Bermúdez de Castro et al., 1999) being
the only localities with unambiguous human remains for this
period and continent. The identiﬁcation of several lesions in ATE9-1
merits a detailed palaeopathological study. The antiquity and
geographic location of this specimen and the question of its taxo-
nomic afﬁnity justify close scrutiny to determine if the dento-
gnathic lesions have signiﬁcantly altered taxonomically relevant
features. In this study, we analyze the ATE9-1mandible and teeth to
assess alveolar crest morphology, root exposure, dental wear,
hypercementosis, dental calculus and alveolar lytic lesions. These
features provide insights into hominin palaeopathology, and thus
offer insights into Europe’s earliest hominin populations. Our
analyses of palaeopathology can serve as a basis for inferring
adaptation in this early population.
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Material
States of preservation
The ATE9-1 specimen consists of a mandibular fragment
preserving the symphyseal region and the mandibular corpus
approximately from the right M1 level to the left M1/M2 level
(Fig. 1). It lacks both rami and the breakage surface in both ends is
irregular andwithout signs of smoothing, indicating a post-mortem
fracture. On the right side, it preserves the basal part of the corpus
and the mesial wall of the right M1 alveolus. On the left side, it
preserves the basal part of the corpus from the P3 to the M1/M2
level with a small portion of the alveolar socket fundus. ATE9-1
preserves in situ the roots of the left I2, right P3, right P4 and the
apex of both the right I2 and right C (Fig.1). In addition, other dental
pieces were recovered as isolated teeth from the same excavation
square: part of the root of the left P3, the root and the crown of the
right I2, the root and a part of the crown of both the right and left C
and the left P4 (Fig. 2). The ﬁt of the isolated teeth in the preserved
part of the alveolar sockets as well as themorphology andmatching
occlusal and interproximal wear patterns conﬁrm that these teeth
belong to ATE9-1 mandible.
The buccal alveolar crest is preserved from the right P4 level to
the left P3 level showing some light dehiscence at the central
incisors and right C level. Besides minimal bone loss, the crest
presents some non-taphonomic alterations that will be addressed
below, together with other mandibular and dental lesions.
The specimen suffered several post-mortem alterations such as
fractures, most of which were restored by the CENIEH Restoration
and Conservation Laboratory as needed. In particular, a fragment of
the distal aspect of the right corpus that includes the distal wall of
the right P4 socket was found separately. Thus, the right P4was ﬁrst
recovered as a loose piece and later included in its restored alveolar
socket.
Part of the preserved mandible and tooth surfaces displayed
very thin and irregular light brown calciﬁc deposits that will be
described in detail as needed, because the deposits can obscure
pathological signs such as dental calculus in some cases. From left
to right, we describe the state of preservation of ATE9-1 teeth (see
Figs. 1 and 2).
Left P4 This is the best-preserved tooth of the mandible. It presents
a small peri/post-mortem fracture at the mesiolingual corner of the
crown. The root presents a general thickening that could suggest
excess of cementum deposition (see Discussion below). There are
two abnormal polished surfaces, one in the distobuccal and distal
aspect of the tooth below the cement-enamel junction (CEJ), and
one in the mesial aspect of the crown. They will be also discussed
below.
Left P3 This is represented only by part of a cracked root. The sharp
and irregular morphology of the fracture suggests that it was
a post-mortem breakage. This root also presents aspects that are
engrossed and “lumpy,” suggesting hypercementosis.
Left C This tooth presents a fracture with loss of substance affecting
half of the crown and the proximal third of the root, leaving part of
the pulp chamber exposed. The clean and sharp borders of the
fracture suggest that it is peri- or post-mortem. Generalized and
irregular cementum deposition occurs along the whole root
surface.
Left I2 This tooth preserves only the distal aspect of the root inside
the alveolar socket. The morphology of the breakage surface
suggests that the crown was lost peri- or post-mortem.
Right I2 The incisor suffered a recent fracture, because the apex of
the root is preserved inside its alveolus. There is a post-mortem
fracture involving the mesial aspect of the crown and the proximal
third of the root, leaving the pulp chamber exposed. The root shows
signs of hypercementosis.
Right C This tooth presents a sharp peri- or post-mortem fracture,
likely post-mortem, that affects the buccal aspect of the crown
and the proximal third of the root, leaving the pulp chamber
exposed. The apex was broken but preserved inside its alveolar
socket, and the edges of both fragments show a perfect ﬁt. The root
is also thickened by the excess of cementum.
Part of the roots of the right P3 and right P4 These teeth are in situ,
but the crowns are missing because of a peri- or post-mortem
Figure 1. Anterior (upper left) and occlusal (lower left) view of ATE9-1. Anterior (upper right) and occlusal (lower right) views of the ATE9-1 mandible and in situ dentition, based
on computed tomographic reconstructions. The mandibular bone has been rendered semi-transparent to demonstrate the position of the in situ teeth (fragments of the roots of the
left I2, right P3 and right P4 and apexes of both the right I2 and the right C) and the different depths of the alveolar sockets. White bar: 1 cm.
M. Martinón-Torres et al. / Journal of Human Evolution 61 (2011) 1e112
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fracture. As the right P4 was ﬁrst recovered as a loose piece and
later included in its restored socket, it was possible to assess the
same type of surface alteration suggesting an excess of cementum
deposition.
Methods
The ATE9-1 mandible and teeth were examined visually and
through technical means. Periodontal disease was assessed
according to Ogden’s scoring system (2008a,b), based on changes in
the alveolar crest rather than in the extent of root exposed. Tradi-
tionally, periodontal disease has been identiﬁed in skeletal material
when there is a root exposure of more than 2 mm between the
cement-enamel junction and the alveolar crest. Only recently it has
been posited that periodontal disease may not be the only cause of
these changes. Thus, changes in the architecture and texture of the
interdental septae are necessary to assess chronic inﬂammatory
periodontal affection. Ogden (2008a,b) presents a scale with four
categories that range from no disease (score 1) to severe perio-
dontitis (score 4), where the alveolar margin is ragged and porous
with an irregular funnel,>5mmdepth between teeth and alveolus.
The degree of attritional wear was assessed in twoways. The ﬁrst
follows Smith (1984), and is an eight-stage scoring system based on
dentine exposure. Second, attritional plane (wear direction) and
occlusal surface formwere scored followingMolnar’s eight-category
classiﬁcation (1971) based on the altered direction of the cusp and
occlusal surface shape, respectively. For the mesial and distal inter-
proximal attrition, themethod developed by Hillson (2008) based on
the degree of dentine exposure was applied. Finally, we scored
presence, location, aspect and extension of dental calculus.
We used a stereoscopic microscope (Olympus SZ61) to charac-
terize the type and degree of the lesions recorded in the mandible.
In particular, we assessed changes in the bone texture and structure
in order to determine the timing of the events (i.e., whether the
lesion was active at the time of death or already healed).
The ATE9-1 mandible and in situ teeth were also scanned using
a YXLON MU 2000-CT scanner at the University of Burgos (Spain),
with the following parameters: scanner energy 160 kV, and 4 mA.
Slice thickness was collimated to 0.5 mm, and the inter-slice
spacing was 0.5 mm. The sections were used to create a three-
dimensional computer model of the specimens using Amira soft-
ware (Visage Imaging).
Figure 2. From left to right mesial, buccal and occlusal aspect of (a) left P4, (b) left P3, (c) left C, (d) right I2, (e) right C and (f) right P4. The right P4 was found as a loose piece and
later permanently included in its restored alveolar socket. White bar: 1 cm.
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All of the isolated teeth were scanned with a Scanco micro-
tomographic system (mCT 80, Scanco Medical, Switzerland) housed
at the CENIEH using the following settings for each scan:
voltage ¼ 70 kV, amperage ¼ 140 mA, angular increment ¼ 0.72�
and resultant isomeric voxel size ¼ 20 mm3. This study produced
both 2D planes of section and 3D sections of the tooth roots. To this
end, images resulting from microCT scanning were cropped three-
dimensionally with the ImageJ software package (NIH) to eliminate
background space and reduce the ﬁle size, and these images were
then imported into Amira (Visage Imaging), Mimics (Materialise,
Belgium), or the open source OsiriX software package for further
processing and measurement. The microCT images also allowed
measurement of the amount of cementum deposition along the
roots (see SOM Methods, SOM Figs. 1 and 2).
Results
Alveolar bone lesions and root exposure
The entire preserved alveolar crest displays pathological alter-
ations. From right to left, the buccal aspect of the alveolar bone at
the level of the right P4 presents two pathological processes: high
bone thickness and a recession of the alveolar crest. The concur-
rence of these two attributes, a blastic lesion and the exposure of
a portion of the root, suggests a periodontal disease process (Fig. 3).
The lesion is scored as category 2 (mild or initiating grade of
periodontitis [Ogden, 2008a,b]), characterized by a blunt and ﬂat-
topped alveolar margin with a slightly raised rim. Although the
acute nature of this lesion is only observed at the level of the right
P4, the crest presents recession in most of the alveolus. At the level
of the right P3, we also observe some degree of root exposure and
thickening of the superior rim of the alveolar crest that corresponds
to score 2 for periodontal disease (Ogden, 2008a,b).
The amount of root exposure is greater in the right C and the
right I2, and is particularly evident in the right I2 where it involves
2/3 of the total root length (Figs. 1 and 3). Apart from the alveolar
crest lipping and recession, there is an alveolar lytic lesion that may
have contributed to the axial and distal movement of both right C
and right I2 and enhanced root exposure (Figs. 3 and 4). At this
level, the periodontitis is moderate (score 3 [Ogden, 2008a,b]), with
2e4 mmwidth between the tooth and the alveolar walls (for more
details see below).
None of the central incisors have been recovered. Generalized
bone deposition is recorded in both alveoli but with different
degrees of expression. Inside the right I1 socket, bone deposition
occurs at the inferior part and along the superior and disto-lingual
side. This blastic lesion presents a disorganised texture, also
referred to as woven bone, characterized by a ﬁbrous and porotic
appearance. The newly formed bone is laid down in concentric
layers (Fig. 3), creating a funnel-shaped that narrows the tooth
socket. A similar but less severe condition is observed in the left I1.
In this case, the bone remodelling is located at the lingual surface of
the alveolus and is also characterized by a disorganised and porotic
texture. The bone deposition at the right I1 socket is greater and the
fundus higher, meaning that the process was either faster or started
earlier in the left one (Fig. 1 and SOM Fig. 3).
The left side presents comparable alveolar crest abnormalities.
Both the preservation of the alveolar crest height at the left I2 on its
distal aspect and the absence of bone remodelling at the superior
rim of the socket indicate a lack of pathological processes at this
level. In addition, the root canal of the left I2 is almost obliterated as
a result of secondary dentine deposition (Fig. 4).
Figure 3. Detail of the crest and alveolar lesions from left I1 to right P4. (a) Buccal view of the alveolar crest with some lipping and recession of the rim; (b) lingual view of the
alveolar lytic lesion affecting the right C alveolar socket; (c) occlusal view of the mandible showing the alveolar lytic lesion associated to the right C and the remodelling at the
central incisors sockets. Detailed microscopic superior view of the texture changes at the RC (d) and central incisors (e) alveolar sockets (see text for more explanation).
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At the level of the left C, the rim of the alveolar socket is
damaged mesially, and two different processes can be observed
(Fig. 5). First, we detect an increased distance between the CEJ and
the alveolar crest at its distal side; the rim is slightly raisedmesially.
Moreover, the round and thickened parts of the socket at its distal
aspect indicate mild periodontal disease (score 2, [Ogden,
2008a,b]). Second, we identify an abnormal bone density inside
the left C socket, along its mesiolingual aspect. Bone here presents
a disorganized, highly porotic texture, characteristic of woven bone
with combined signs of osteoblastic and osteoclastic activity
(Fig. 4). The space between the tooth and the mesial wall of the
alveolus is enlarged, measuring about 3.55 mm, suggesting
a possible lesion that may have caused the displacement of the
tooth and contributed to the alveolar crest loss at this point.
Dental wear and occlusion
We report the degree of occlusal and interproximal attrition, the
plane of occlusion, and the occlusal surface form of the dentition
(Table 1). The ATE9-1 dentition presents several post-mortem
fractures that prevent a complete assessment of the wear degree in
some pieces. In general, attrition is severe. All of the teeth, present
stage 7, based on Smith’s method (1984) (excepting the left P4
[stage 5]). The direction of wear follows an oblique mesio-distal
direction, and the occlusal form in most cases, is ﬂat (again except
for the left P4, which presents a more mesially cupped morphology
[Molnar, 1971]). These scores reveal heavy, and perhaps, prolonged
paramasticatory or masticatory behaviors (see Figs. 2 and 5).
Only three teeth are complete enough to assess the wear
direction and the occlusal shape. The left P4 occlusal surface
presents different stages depending on each cusp. The buccal cusp
is “cupped” (category 3 of Molnar [1971]) and the dentine is
exposed. The lingual cusp is ﬂat on its mesial side and starts the
“cup” pattern on its distal part, with minimal dentine exposure. On
the preserved mesial half of the LC crown, extensive dentine is
exposed and an initial stage of “cupping” occurs (Molnar, 1971). The
right I2 occlusal surface is ﬂat (category 2 of Molnar [1971]), and
presents extensive dentine exposure with remnants of enamel on
the labial and lingual rims. The preserved part of the right C crown
is ﬂat, and the dentine is completely exposed. Only a thin enamel
Figure 4. Superior view of the alveolar lytic lesion associated with the left C (left). On the right, detailed microscopic superior view of the texture changes at the left C alveolar
socket when the tooth is removed. Notice also the obliteration of the pulp canal in the left I2 root fragment.
Figure 5. Image showing the plane and degree of wear of (a) the left C and the left P4
and (b) the right I2 and the right C. Notice the buccal protrusion of the teeth and the
prominent calculus on the mesiobuccal surface of left P4 crown.
Table 1
Attrition stages, wear direction, occlusal surface form and approximal attrition
scores of ATE9-1 dentition.
Tooth Attritional
Stagea
Wear
directionb
Occlusal
surface
formb
Mesial and distal
approximal
attrition scorec
Left P4 5 4 3 Distal: 1
Mesial: 1
Right C 7 4 2 2
Right I2 7 2 and 4 2 3
Left C 7 4 e 2
e indicates that data could not be recorded.
a Smith, 1984.
b Molnar, 1971.
c Hillson, 2008.
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rim at the lingual surface can be ascertained. When it is possible to
assess it, the crown occlusal planes display an oblique morphology
descending in amesio-distal direction. In the case of the right I2, we
also observe a bucco-lingual wear direction pattern (Fig. 5).
We also assess interproximal attrition (also called approximal),
deﬁned by the formation of a facet at the mesial or distal crown
surface as consequence of contact with adjacent teeth. In the
mandible, the least-affected tooth is the left P4 (score 1 of Hillson
[2008]), where the contact facets on the mesial and distal sides
are limited to the enamel, although signiﬁcantly elongated.
Microscopic observation indicates discontinuity of the mesial facet
as well as an elevation or less-worn portion that divides the facet in
two. These features suggest two different episodes or processes
involved in the formation of this pattern (Fig. 6). The distal facet
presents an ascending buccolingual oblique groove (7.12 mm long,
2.62 mm high and 1.61 mm deep) affecting not only the enamel
surface but also the CEJ (Fig. 7). This alteration of the root surface
produces a round and convex section, with a smooth surface and
ascending oblique direction from buccal to mesial. The mark is
deeper centrally. The superior border displays an obtuse angle,
while the inferior border is sharper. Because of these characteris-
tics, we believe this facet can be classiﬁed as abrasive, a type of
wear caused by friction from exogenous material (Bermúdez de
Castro and Arsuaga, 1983; Bermúdez de Castro and Pérez, 1986;
Bermúdez de Castro et al., 1997; Barlett, 2005). With regard to
both canines, the interproximal facets of the right and left Cs fall in
Hillson scores 1 and 2, respectively, with the left C displaying
dentine exposure at the center of the facet. Finally, the most
severely affected tooth is the right I2, where the interproximal facet
eroded the enamel surface and the dentine exposure extends to the
cement-enamel junction (score 3 of Hillson [2008]).
Although the exact orientation of the general mandibular
occlusal plane cannot be determined because the mandible lacks
the rami and the posterior part of the body when the teeth are
included in their sockets, we see an obvious and strong buccal
inclination of the whole dental series. Thus, the preserved teeth
depict an anomalous occlusal plane with pronounced labial
protrusion (Figs. 1 and 5).
Alveolar lytic lesions
We observed two bone abnormalities at the level of left and
right canine alveolar sockets. On the right side, we can see
a rounded void between the roots of the canine and the I2 and the
posterior wall of the alveoli (Fig. 3 and SOM Fig. 4). Both the
macromorphology and the texture of the bone at this level are
altered. The lingual extension of this lesion implies osteoclastic
activity, with bone destruction and enlargement of the alveolus.
This alveolar lytic lesion dimensions are 13.89 mm bucco-lingually,
7.36 mm mesio-distally, and 9.40 mm in depth. This lesion has
provoked a lingual enlargement of the alveolar socket and the
buccal and slightly mesial protrusion of the canine and possibly the
right I2. It has also contributed to the resorption of the alveolar wall
between the right C and the right I2 resulting in a sole socket with
a maximum length of 13.52 mm (Fig. 3 and SOM Fig. 4).
The changes observed on the left C alveolar socket are less
severe than those described for the right C. The left C alveolar
socket has abnormal bone density in its interior (Fig. 4). These
alterations are restricted to the superior mesiolingual aspect of the
socket, between the lingual aspect of the root and the posterior wall
of the alveolar socket. The lesion is 8.64 mm by 4.78 mm, and only
affects the cervical third of the socket. The lesion has pushed the
tooth buccally and distally. The remodelling inside the alveolar
socket is characterized by woven bone on its superior part, with
highly porotic and disorganized structure because of osteoclastic
activity. However, the inferior part of the surface is smoother and
less porotic in appearance because of bone deposition.
Dental calculus
Although dental calculus is very easily detached and lost post-
mortem (Hillson, 2005) we observe dental calculus of variable
degrees in all ATE9-1 dental pieces that preserve part of their
crowns except for the right C.
Left P4 This tooth presents conspicuous dental calculus on the
crown surface, which is more pronounced bucally (Fig. 8). On this
aspect, the calculus layer forms a crescent, extending laterally to
the top of the crown. It is particularly prominent on the distal side
and lower half of the crown. Inferiorly, calculus completely covers
the CEJ and extends slightly over the root, where it reaches its
actual maximum thickness (around 2 mm). As mentioned above,
there is an erosive groove running below the buccal and distal CEJ
(Figs. 5, 7 and 8) that has probably affected calculus deposition
during life. Part of this anomalous erosion has been interpreted as
a consequence of intentional activity. A thin post-depositional
calciﬁc deposit of “caramel” color seems to display some kind of
afﬁnity to the calculus porous layer, making their differentiation
difﬁcult at some points. However, at the interproximal surface, just
below the anomalous wear groove, there is a small patch of well-
preserved calculus, pointing to a sub-CEJ development. As the
lingual surface of the left P4 crown is fractured, no calculus deposits
can be recorded on this aspect.
Left C On this tooth, a small “cream” color calculus patch occurs on
the buccal surface of the preserved crown, extending inferiorly
beyond the CEJ.
Right I2 Dental calculus occurs the buccal surface of this tooth,
extending from the cervical third of the crown to at least 2mmbelow
the CEJ (Fig. 2). The inferior border of this calculus presents a recent
fracture. The calculus on this tooth is clearly discernible from the
cementum, dentine and enamel of the same tooth because of its
characteristic color, porous aspect andparticularmanganesestaining.
Figure 6. Computed microCT reconstruction of the LP4 with detail of the mesial
interproximal facet. The identiﬁcation of a discontinuity or elevation (dotted arrow)
between depressions (continuous arrows) may reﬂect the involvement of two different
processes or two points of contact at this level (see main text for explanation).
M. Martinón-Torres et al. / Journal of Human Evolution 61 (2011) 1e116
C H A P T E R 
53
Although dental calculus on incisors tends to show a more lingual
deposition because of the proximity of saliva drainage channels (e.g.,
Forsberg et al., 1960; Hillson, 2002; Greene et al., 2005), the lingual
calculus on ATE9-1 right I2 is very small. It could be related to post-
mortem loss, but there are no signs of breakage or alteration of the
calculus on this region. Also, it has a sub-CEJ expressionon the lingual
surface and is less than 1 mm thick at any point.
Hypercementosis
The root surfaces of all observed teeth exhibit an irregular
thickening and rough surface that could reﬂect abnormal cementum
deposition (Fig. 3). Although high-resolution microCT images could
not be obtained in situ, we also visually observed some cementum
deposition on the right P4 (Fig. 3), also revealed in CT sections of the
left I2 and the right P3 (SOM Fig. 5). Although this cementum affects
the total root length, it is more pronounced, particularly at the apical
third. Indeed, the superior third of the root length tends to show the
lowest values, whereas the middle and apical thirds are the ones
displaying a higher cementum deposition (SOM Table 1). There is
also variation in the degree of cementosis among teeth, with the left
P3 and the right C being the least and most affected teeth, respec-
tively. Finally, excess cementum is mainly deposited along the
mesiodistal surfaces.
Discussion
Alveolar crest, root exposure and dental wear
Classically, the severity of the periodontal disease has been
associated with the amount of root exposure (Hillson, 2008).
However, a more precise assessment of this pathological condition
would require the identiﬁcation of changes in the architecture and
the texture of the alveolar walls (Ogden, 2008a,b). Root exposure
cannot be solely attributed to the periodontal disease, but is
a multifactorial process as suggested by Glass (1991) and Newman
(1999). Despite the high degree of root exposure, ATE9-1 peri-
odontal affection is mild and relatively unimportant. In addition,
and besides periodontal disease, there are other mechanisms
related with occlusal adaptation that can also produce changes in
the alveolar crest and increase the exposure of the root such as
compensatory receding bone, mesial or approximal drift and more
importantly, compensatory eruption.
Compensatory receding bone (Hillson, 2008) is an adaptation to
a changing occlusion and to the functional loads placed on the jaw.
This process would result in the formation of a prominent ridge
along the buccal margin of the alveolar crest in the region of the
posterior teeth of the mandible (Clarke and Hirsch, 1991; Hillson,
2008), so other processes apart from periodontitis could be
Figure 7. Distal (A), bucco-distal (B) and bucco-mesial (C) views of the left P4 showing the overlap of the anomalous wear facet and the distal interproximal facet (see main text for
explanation).
Figure 8. Distal (left) and buccal (right) view of the left P4 showing the anomalous
erosive groove below the CEJ and the calculus deposits on the crown and root surface.
Notice also the generalized hypercementosis with obvious enlargement of the apex.
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responsible for the changes in the alveolar crest. We should
consider the possibility that the type of mild changes observed in
most of the ATE9-1 alveolar crest (particularly at the level of both
right premolars), and on the contralateral side, at the level of the
left C, could be related to compensatory receding bone processes
instead of initial periodontitis.
Another process involved in the general protrusion of the teeth
is the mesial or approximal drift (Ten Cate, 1998). This mechanism
compensates for interproximal attrition, and refers to the bodily
mesial migration of individual teeth. With the anterior component
of occlusal forces, upper and lower incisors are labially inclined.
Dental mesial drift is related to contractile mechanisms associated
with the transseptal ligamen, enhanced by occlusal forces (Ten
Cate, 1998; Kaifu et al., 2003). This process could be also involved
in ATE9-1 dental protrusion.
The third mechanism is known as compensatory eruption
(Ogden, 2008b) and refers to the compensatory occlusal movement
of teeth and supporting tissues, with bone deposition at the alve-
olar crest and socket fundus. There is a clear correlation between
the rate of tooth wear and the rate of compensatory tooth eruption
(Newman and Levers, 1979; Whittaker et al., 1982, 1985, 1990;
Levers and Darling, 1983; Ten Cate, 1998; Newman, 1999; Kaifu
et al., 2003; Hillson, 2008; Ogden, 2008a,b). The alveolar sockets
change their position slowly in response to the developing occlu-
sion and progress of wear, for hence the amount of root exposed
increases progressively. It was often stated that compensation for
occlusal wear was achieved by continued cementum deposition
around the apex of tooth. However, it has been shown that the
deposition of cementum at this location is posterior to the axial
movement of the tooth, as a process triggered to compensate for
the instability of the tooth once it has moved (Ten Cate, 1998).
Another common feature in dentitions with compensatory
eruption is that teeth and their sockets may become inclined
progressively as the alveolar process remodels around them. In
ATE9-1, not only the labial inclination of the teeth can be observed
but some of them, such as the right C, show an advance stage of
post-eruptive displacement and axial movement, with the apex
being the only point of anchorage to the mandible. All these
pathological signs suggest that compensatory eruption was
responsible for the majority of the root exposure. The concentric
bone deposition observed in the alveolar sockets of the left and
right I1s could have favored a potential loss of both pieces (espe-
cially the left one) close to the death of the individual, although
there are no signs of complete alveolar resorption. If one or both
central incisors appear in future excavations, it is likely that they
will display hypercementosis as well as an anomalous occlusal
plane. The increased amount of cementum exposed beyond the
alveolar crest could have also favored the extrusion of the teeth out
from their sockets (Barker, 1975).
Regarding the status of the alveolar bone lesions, the porotic and
disorganized bone texture in the alveolar buccal crest of the right P4
and right P3, as well as in the lingual surface of the left I2 alveolar
socket, suggests that the pathological processes at this level were
still active. In contrast, the lack of porosity around the rim and the
smooth texture of the right C alveolar socket under microscopic
inspection indicate healing of the osteoclastic process that provoked
the recession of the crest at this level. Regarding the central incisor’s
sockets, the porotic and disorganized texture indicates that the
pathological processes were still active at the time of death. The
bone deposition at the fundus of both sockets may be a response of
the alveolar bone to prevent the loss of anchorage due to the acute
compensatory axial movement of both teeth. In addition, the
changes in bone texture on the lingual surface of both alveoli may be
compatible with an episode of infection, similar to the lesions
observed for both canines. The combination of axial movement and
infectionmight have contributed to the alveolar bone failure to elicit
a rapid healing of the lesion. Thus, the chances of losing both teeth in
life would have been greater.
We observed some degree of tooth dislocation that provokes an
anomalous plane of occlusion. This may further relate to loss of
attachment to the alveolus (Clarke and Hirsch, 1991). In ATE9-1,
processes such as compensatory eruption, compensatory receding
bone and alveolar crest resorption could contribute to the steady,
progressive loss of anchorage, thus inducing tooth dislocation.
Clarke and Hirsch (1991) deﬁne the dislocation of a tooth when the
crown is tilted lingually and the root apices are tilted buccally.
However, in ATE9-1, the apices are tilted lingually and the crowns
are tilted buccally. As will be discussed below, other pathologies
associated with the right C, right I2 and left C may favor this
direction of displacement.
Other possible features tentatively related to tooth dislocation
are the unusual wear facets identiﬁed in the distal and mesial
surfaces of the crown of the left P4. These facets are relatively large
but superﬁcial. The discontinuity of the mesial facet may be
pointing to the conﬂuence of two different processes or stages. If
the left P4 rotated inside its socket, these facets may represent two
subsequent different points of contact with the adjacent teeth. In
addition, the macro and micromorphology of the interproximal
groove observed in the distobuccal aspect of the tooth suggests that
it could be a mark produced by the repeated insertion and retrac-
tion of a probe. This mark joins the distal interproximal facet of the
left P4, although the former has a more oblique direction and
the latter is less inclined. The location (close to the CEJ), the
morphology (elongated groove with rounded section) and the
macroscopic orientation of the groove (bucco-lingual) suggest that
this interproximal groove is likely the result of habitual tooth
picking. This type of interproximal abrasion also implies that this
part of the root was exposed and accessible, a condition easily
linked to the hypercementosis, the rotation of the left P4 and the
compensatory eruption observed in ATE9-1. This circumstance
favors food impaction and exposure to infective exogenous agents,
so the introduction of a hard object such as a toothpick to help
dislodge impacted exogenous particles is plausible. Dental probing
can be a therapeutic solution to alleviate pain or discomfort asso-
ciated with pathological signs such as malposition or hyper-
cementosis (Lukacs and Pastor, 1988). Both pathological signs are
present in the left P4. The continual probing to alleviate painwould
cause movement of the tooth in its alveolus, resulting in the
stimulation of chronic cementogenesis (Lukacs and Pastor, 1988;
see also Hillson, 2001). Most interproximal grooves in the molar
and premolar tooth classes result from habitual tooth picking in
both fossil hominins and modern populations (Bermúdez de Castro
and Arsuaga, 1983; Bermúdez de Castro and Pérez, 1986; Lukacs
and Pastor, 1988; Bermúdez de Castro et al., 1997). These types of
marks have been recorded in some Sima de los Huesos individuals
(Pérez et al., 1982; Bermúdez de Castro and Arsuaga, 1983;
Bermúdez de Castro et al., 1997) and in Neandertals such as those
from L’Hortus and La Quina, among others (see Lumley, 1973;
Lalueza et al., 1993). However, the oldest abrasive rounded mark
identiﬁed with the use of a toothpick was recorded in a mandibular
molar of a Homo erectus s.l. from the site of Olduvai with an esti-
mated age of 1.8 Ma (Holden, 2000).
Hypercementosis
Hypercementosis is the excessive proliferation of cementum
beyond the physiologic limits of the tooth (Weinberger, 1954; Leider
and Garbarino, 1987; Hillson, 2008; Pinheiro et al., 2008). This
excessive deposition leads to abnormal thickness of the root, partic-
ularly near the apex which becomes more round in shape (Pinheiro
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et al., 2008). Despite its relatively common identiﬁcation in archae-
ological and living populations, its aetiology remains unknown.
Hypercementosismay be idiopathic or associatedwith awide variety
of conditions that may be either local or systemic in character
(Weinberger, 1954; Leider and Garbarino, 1987; Neville et al., 2002;
Pinheiro et al., 2008). It is difﬁcult to diagnose systemic conditions
because we have only the mandible of this individual. However, the
cortical and the trabecular structure of ATE9-1 remains intact (e.g.,
see SOMFigs. 4 and 5), so a systemic condition such as Paget’s disease
(osteitis deformans) (see Fox, 1933) can be excluded.
Cementosis has often been associated with severe attrition that
provokes the movement of the tooth in its alveolar socket (Hillson,
2001), as well as a response of the dental tissues to balance for the
compensatory eruption (Thoma and Goldman, 1939). In the hom-
inin fossil record, hypercementosis tends to be restricted to the
apical third of the root where the positive pressure is speciﬁcally
being applied by the supporting tissues (see Gibraltar 1, La Ferrassie
1, L’Hortus, Mosempron [Dastugue and Lumley, 1976; Brothwell,
1963], Krapina [see Kricun et al., 1999], Kiik-Koba 1 [Trinkaus
et al., 2008] and Kebara [Tillier et al., 1995]). In some cases, there
may be a local apical infection (Corruccini et al., 1987). Sima de los
Huesos teeth also present several cases of hypercementosis that
tend to affect to the totality of the teeth belonging to the same
individual, but are generally restricted to one or two apical thirds of
the root (Martinón-Torres, 2006). The generalized hypercementosis
of all of the ATE9-1 teeth could be related with an excessive
movement of the tooth within the socket in a ﬁrst stage and/or,
secondly, to a high compensatory eruption rate and lack of
opposing teeth. Severe or rapid attrition of the teeth can lead to an
unstable central position in the mandible. This in turn could cause
a lateral and protrusive movement with resulting stress on
temporomandibular joint and subluxation. The transition from
simply “severe attrition” to “traumatic occlusion” may be reﬂected
in a more generalized hypercementosis than that usually observed
in the hominin fossil record. ATE9-1 exhibits several signs that,
according to Weinberger (1954), would relate the hypercementosis
to occlusal stress, including a generalized distribution with higher
accumulation at themesial and distal surfaces of the root, worn and
abraded occlusal surfaces, erosion of the alveolar crest, and reces-
sion of the pulp chamber. The recession of the pulp cavity can be
ascertained by the shape of the right I2 pulp chamber, where the
roof follows the inclination of the attrition plane (SOM Fig. 6).
Finally, the alveolar lytic lesions associated with both canines (see
Discussion below) could be additional local factors favoring an
increased cementum deposition in both teeth (SOM Table 1).
Dental calculus
Researchers recognize two types of calculus depending on
supra-gingival and sub-gingival attachment. The former is gener-
ally thicker than the latter, but also more easily lost in archaeo-
logical materials (Hillson, 2005). In the case of ATE9-1 teeth, all the
dental pieces that preserve part of the crown (except for the right C)
show some degree of dental calculus. We do not identify any
alterations that indicate signiﬁcant post-mortem calculus loss in
ATE9-1. The same aspect and degree of attachment to the toothwas
found regardless its position. The identiﬁcation of this pathology is
important because it is commonly related to gingivitis and thus,
could trigger periodontal disease (Ainamo and Waerhaug, 1976;
World Workshop of Periodontics, 1996; Hillson, 2005). Without
gingiva, we have to assess the calculus position with regard to the
CEJ. We posit that the calculus observed in ATE9-1 is supra-gingival,
despite appearing well beyond the CEJ. Within the framework of
the compensatory eruption posited for ATE9-1 (see above), dental
calculus would be progressively deposited towards the root apex as
the tooth continues axially erupting.
Alveolar lytic lesions
As described above, two possible alveolar lytic lesions are
associated with both canines, particularly large in the right side.
The disorganized, highly porous texture of the right C alveolar
socket, characteristic of woven bone with combined signs of oste-
oblastic and osteoclastic activity, indicates that the lesion was still
active at the time of death. The sharp and well-delimited posterior
margin of this lesion, without clear signs of remodeling, reinforces
the ongoing nature of the lesion. This process may have contributed
to the buccal displacement of the right C and right I2. The devel-
opment of a perfect interproximal ﬁt between both teeth in this
anteriorly-displaced position suggests that the lesion was main-
tained for some time and can be considered chronic (Fig. 5). On the
left side, the interior of the socket shows a smoother and less
porotic texture with bone deposition that indicates the start of
healing. The morphology of the described lesions is compatible
with that of a cyst.
The most common type of cysts in archaeological remains is
periapical cysts (e.g., Ripamonti, 1988; Pérez et al., 1997; Lebel and
Trinkaus, 2002; Gracia, 2007). Apical lesions develop when the
tooth dies. Secondary to necrosis, autolysis of the pulp liberates
breakdown products that produce several lesions in the bone (Dias
and Tayles, 1997; Neville et al., 2002; Hillson, 2005; Dias et al.,
2007; Ogden, 2008a). The cyst becomes a space-occupying lesion
forcing bone remodelling through the action of osteoclastic cells
and creation of a cavity. The location of this type of cyst tends to be
buccal because of a thinner and less resistant bone structure.
However, the cyst associated with ATE9-1 right C has an unusual
location, since it is lingual and relatively high, reaching the superior
alveolar rim. MicroCT images do not reveal the existence of a peri-
apical void or a drainage canal associated to the right C. We also
discount other processes, potentially related to the high position of
the cyst and the thickening of the lingual cortical bone. These
include an accessory or lateral root canal in the right C and presence
of supernumerary teeth. Another possible aetiology for a peri-
odontal abscess is that its formation is related to a noxious agent
entering through the apex of the tooth. The cyst can be caused by
the impaction of food in the interdental papilla damaging the
periodontal bone and creating a space between the tooth and the
alveolar socket. This lesion can progressively worsen if it is not
rapidly healed, particularly if more irritants enter the socket.
Eventually, it can develop a suppurative abscess that can discharge
pus, either through a drainage canal for lesions located inferiorly, or
directly through the socket. This type of lesion has been docu-
mented in some animals, including horses fed with fodder where
impaction or wedging of a foreign object was observed in cases of
high occlusal contact (see Freedman and Beigleman, 1985; Neville
et al., 2002; Hillson, 2005). The lack of a drainage canal, the
lingual and superior location of the cyst and the presence of dental
calculus associated with periodontal disease and the high root
exposure in ATE9-1 suggest that a cyst was related to food impacts
or presence of exogenous material.
Along the mesial wall of the left C alveolar socket, there was
another lesion, with changes in the bone structure and an anom-
alous enlargement of the alveolus, although less severe than in the
right C andwith signs of initial healing. The superior location of this
lesion (affecting the coronal third of the root) and the absence of an
accessory root canal indicate that periapical abscess was not the
main cause of the cavity (Ten Cate, 1998; Cawson and Odell, 2002;
Neville et al., 2002; Regezi et al., 2003; Hillson, 2008). It is more
likely that this lesion relates to an infection of the soft tissue
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subsequent to the impaction of an exogenous material (food,
particles) as it has been also posited for the right C (see Olech et al.,
1951; Freedman and Beigleman, 1985; Neville et al., 2002; Hillson,
2005). This lesion has probably contributed to the buccodistal
protrusion of the tooth and thus, to the anomalous occlusal plane of
the mandible. This tooth movement also may have inﬂuenced the
changes along the alveolar crest at this level.
Interpretations
The most parsimonious sequence of pathologies affecting ATE9-
1 begins with severe attrition that would trigger compensatory
eruption of the teeth as the major cause of the substantial root
exposure. This, together with traumatic occlusal forces, dental
calculus deposition, and the concomitant mild periodontal affec-
tion, would have induced tooth movement. These processes
contribute to increasing root exposure from the alveoli. The
generalized cementum deposition along the roots was compensa-
tory, creating a wider and more stable anchorage. On the other
hand, this simultaneously extrudes the teeth from their sockets. In
a later stage, this progressive extrusion and dislocation of the teeth
could prevent a proper and functional occlusion. These processes
may easily contribute to the lack of a stable centric position in the
mandible, potentially stressing the temporomandibular joint, and
leading to subluxation and temporomandibular arthritis. However,
a deﬁnitive diagnosis requires recovery of other mandibular frag-
ments including the condyles, the associated maxilla, or both the
condyles and maxilla. The loosening of tooth anchorage with an
increased space between the alveolar socket and the tooth would
offer a propitious environment for bacteria supported by accumu-
lation of food remains, exogenous particles, or both. Using
a toothpick to remove impacted food or other particles would be
a rational response to this problem.
Although the dento-gnathic lesions are fairly pervasive, we
argue that morphological features for the taxonomic assessment
are observable. The most severe pathological signs are related to
the degree of wear of the occlusal surfaces and excess of root
cementum, but the morphology of the mandibular bone is not so
signiﬁcantly affected that it precludes taxonomic study. Indeed,
despite the high root exposure we have determined that peri-
odontal disease is only mild, so a signiﬁcant alveolar remodelling
can be discarded. With the aids of high-resolution CT and microCT
techniques it is possible to rule out both alterations in the general
morphology and bone architecture of the jaw as would be expected
with some systemic diseases. We can also assess the actual root
morphology below the excess cementum for taxonomic compari-
sons (Bermúdez de Castro et al., in press).
Finally, despite the severity of ATE9-1 lesions, we do not think
the lesions signiﬁcantly affected this individual’s survival or general
function. The high degree of dental wear indicates that the dental
occlusion of this individual remained functional so food processing
was not seriously threatened. All of the identiﬁed lesions, including
cysts, rarely manifest with incapacitating pain but tend to be either
asymptomatic or produce mild to moderate discomfort and pain. In
addition, it has been demonstrated that, even in cases of general-
ized tooth loss or more serious injuries and illnesses, survival was
possible during the Pleistocene (e.g., DeGusta, 2002, 2003;
Lordkipanidze et al., 2005; Gracia et al., 2009; Hublin, 2009).
Together with the almost edentulous specimen from Dmanisi
(Georgia), dated ca.1.77Ma (Lordkipanidze et al., 2005), the ATE9-1
mandible is one of the few specimens with severe and pervasive
dento-gnathic lesions identiﬁed in the Early Pleistocene. Thus,
ATE9-1 could contribute to the debate about the origins of
“compassion” and to what extent cooperation among individuals
was necessary for the survival of impaired hominins (e.g., DeGusta,
2002, 2003; Lordkipanidze et al., 2005; Gracia et al., 2009; Hublin,
2009).
Conclusions
Our analyses of the 1.3 Ma human mandible from Sima del
Elefante (Atapuerca, Spain) reveal several pathological signs,
including severe dental attrition in association with generalized
hypercementosis, alveolar root exposure, mild periodontal disease,
tooth dislocation, and an anomalous occlusal plane. We also
observe dental calculus, two cystic lesions, and an anomalous wear
facet compatible with toothpick use wear. The majority of these
pathological signs suggest compensatory eruption in response to
heavy, occlusion, traumatic occlusion, heavy paramasticatory and
masticatory use, or some combination of these processes. All of the
lesions are associated. Speciﬁcally, they are causes, consequences,
and ampliﬁers of one another within the framework of heavy
chewing or trauma. On the other hand, despite the severity of these
lesions, occlusion was possible, so it was unlikely that the lesions
gravely impacted the individual’s daily life. Root exposure was
mostly a consequence of the compensatory eruption rather than
a result of the periodontal disease. Because the alveolar crest was
minimally remodelled we suggest that the lesions did not alter
morphological features relevant assessing ATE9-1’s taxonomic
status. Our study contributes a fossil with important implications
for interpretations of pathology during the Pleistocene.
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SUPPLEMENTAL ONLINE MATERIAL
 Methods
 To measure the amount of cementum deposition along the root, we employed the microCT images of the 
isolated teeth. The coronal plane of every isolated tooth was used to determine the location of the cement-enamel 
junction (CEJ) and to measure the total length of the root. Four axial planes were drawn, dividing the root into 
three sections of equal length from the CEJ junction to the apex. The thickness of the cementum was measured 
at the cervical, mid and lower planes (see A, B, C in SOM Figure 1) if a) a notable texture change is observed in 
microCT cross-section through the roots (from a visually smooth and radiopaque texture to a more radiolucent 
and visually “grainy” texture) and b) if a clear and continuous separation between the two textures can be de-
marcated (SOM Figure 2). Because of the occasionally blurry boundary between cementum and dentine in the 
microCT images, we employed a conservative method by taking the shortest distance between the cementum-air 
and cementum-dentine boundaries. 
SOM Figure 1. Figure illustrating the four axial planes 
that divide the root into four equal parts from the CEJ to 
the apex. The cementum thickness was measured at the 
cervical (A), mid (B) and lower (C) sections. 
SOM Figure 2. Transverse cross-section through 
the root of the left P4 (bottom), with a dashed line 
demarcating the dentine and cementum. The underlying 
pixel values of the straight line from point A to point 
B are depicted in the plot above. Low pixel values 
represent dark areas of the image (black pixels with 
represents air have a value of zero) and brighter areas 
of the images have greater pixel values. The red point 
drawn on line A-B and also on the plot above represents 
the transition between dentine and cementum. There 
is a marked decrease in pixel values in the cementum 
compared to the dentine. 
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SOM Figure 3. High-resolution CT transverse cross-
section (upper) and lateral 3D reconstruction (lower) 
of  ATE9-1, showing the differences in the bone 
deposition at the left and right central incisor’s sockets. 
In CT cross-section (upper) only the left alveolar socket 
can be seen. In the 3D reconstruction (lower), the left 
alveolus fundus (blue) is deeper than the right alveolar 
fundus (orange). 
SOM Figure 4. Schematic representation over a high-
resolution sagittal CT cross-section pointing to the 
spatial relationship between the right C apex and the 
alveolar lytic lesion. 
SOM Figure 5. High-resolution CT sagittal cross-
section of the in situ left I2 (left) and right P3 (right) 
roots showing the excess of cementum deposition at 
their apical third.
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SOM Figure 6. Mesial aspect of ATE9-1 right I2 (left) and 
3D segmentation of its pulp chamber and radicular canals 
(right). The recession of the pulp cavity is ascertained by 
the shape of the pulp chamber, where the roof follows 
the inclination of the attrition plane. 
SOM Table 1. Measures of the cementum deposition on the cervical, mid and lower ATE9-1 root sections. For 
methodological details see main text. Measurements are taken in mm. N/A: not applicable.
Tooth section Mesio-Distal Bucco-Lingual Total
Left P4 Cervical third 0.26 0.30 0.56
Left P4 Mid third 0.83 0.75 1.59
Left P4 Lower third 0.80 0.50 1.31
Left C Cervical third n/a n/a n/a
Left C Mid third 0.85 0.73 1.57
Left C Inferior third 0.69 0.72 1.40
Right C Cervical third 0.27 0.33 0.60
Right C Mid third 0.63 0.41 1.04
Right C Inferior third 1.56 1.87 3.41
Right I2 Superior third 0.32 0.21 0.53
Right I2 Mid third 0.77 0.65 1.42
Right I2 Inferior third 0.65 0.51 1.16
Left P3 Cervical third 0.65 0.28 0.93
Left P3 Mid third 0.93 0.41 1.34
Left P3 Inferior third 0.54 0.54 1.08
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This paper presents a detailed palaeopathological study of the orofacial lesions present in Skull 5 from
the Sima de los Huesos Middle Pleistocene site. Besides testing a previous diagnosis of periodontal
disease, tooth wear, left P3 fracture and two periapical abscesses, unreported lesions are identiﬁed: the I1
abscess and the M3 fracture. The timing of the pathological events that have produced the conspicuous
bone growth of the maxilla was determined with the aid of computer tomography techniques. This is
particularly important to assess the duration/chronicity of the lesions and the cause/s of them. Some
physiological particularities of the region affected could account for the maxillary osteitis and
concomitant infection as a probable cause of death.
 2012 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction
Since the discovery in 1992 of Cranium 5 from Atapuerca-Sima
de los Huesos (SH) site (Skull 5 since 1993, after its mandible was
recovered; dental individual number XXI) it was noticed that an
anomalous bone growth was present on the left maxillary bone.
This lesion was preliminarily described in a ﬁrst publication as an
“extensive osteitis on the left maxilla” (Fig.1 in Arsuaga et al., 1993).
Pérez et al. (1997) made a larger description of this facial pathology,
referring also to other dental pathologies that were present in this
individual (Fig. 1). Those signs were: a) a ﬁstulation process present
in the osteitis; b) a dental apical abscess in the left I2; c) the pres-
ence of anomalous inter-proximal tooth wear facets; d) calculus
deposition; and e) alveolar bone resorption, suggesting that an
ongoing serious infection might had been present in this individual
at the time of death and that it was very likely the cause of death by
means of generalized septicaemia.
Skull 5 display other minor pathological signs previously
described, including a bilateral mild expression of tempor-
omadibular joint arthropathy, thirteen slight cranial lesions with
signs of healing and a worm-like pattern on the orbital roof prob-
ably related to cribra orbitaria (Pérez et al., 1997). The teeth of Skull
5 are extensively worn, so it was not possible to analyze if this
individual suffered from dental hypoplasia and therefore, devel-
opmental stress (Cunha et al., 2004).
There are other specimens from Sima de los Huesos site dis-
playing pathologies (see Pérez et al., 1997; Gracia, 2007; Gracia
et al., 2010; Martín-Francés et al., 2011). Although most of them
are presumably non-severe, two very remarkable ones were
recorded. The ﬁrst consists of an immature cranium displaying
a rare cranial deformation, a lambdoid unilateral craniosynostosis
(Gracia et al., 2009), that represents a crucial case to study social
behaviour in past populations, as a very probable case of con-
speciﬁc social care (Gracia et al., 2009; Hublin, 2009). The second
case deals with the pathological condition displayed by the Pelvis 1
and its associated lumbar spine (Bonmatí et al., 2010), and could
represent another example of social care among this population.
Given the valuable information that palaeopathological studies can
provide regarding behaviour and adaptation of an extinct human
group, it is important to contribute to the knowledge of the
pathologies of the SH collection. Furthermore, SH is a unique case
where the remains of at least 28 individuals belonging to the same
biological population (Arsuaga et al., 1993, 1997a, 1997b; Bermúdez
de Castro et al., 2004) have been recovered, an unparallelled
opportunity to study a Middle Pleistocene population.
The aim of this study is to describe and analyze exhaustively all
the above-mentioned pathological signs in Skull 5, as well as some
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lesions that have not been previously described. The diagnosis will
be approached under a general orofacial pathological framework, in
order to establish the possible etiological factors that were involved
and whether they could be the cause of death of this individual
(Fig. 1).
2. Materials and methods
Skull 5 (AT-700 þ AT-888) from Sima de los Huesos, Atapuerca
site was recovered during the 1992/93/99/2001 ﬁeld seasons
(Arsuaga et al., 1993, 1997a, 1997b), and represents one of the most
complete and best preserved skulls of the hominid fossil record
(Fig. 1). At present, the Sima de los Huesos hominid sample
constitutes the largest one among the Middle Pleistocene hominid
fossil record. This collection comprises more than 6500 fossils,
belonging to at least 28 individuals, of different ages at death (from
5 years old to >45 years old) and both sexes equally represented
(e.g., Arsuaga et al., 1991, 1997b; Bermúdez de Castro et al., 2004;
Bonmatí et al., 2010; Martinón-Torres et al., 2012), and almost all
the skeletal elements are represented (e.g., Carretero et al., 1997;
Arsuaga et al., 1997b; Martínez et al., 2004, 2008; Bonmatí and
Arsuaga, 2005; Gómez-Olivencia et al., 2007; Arsuaga, 2010;
Pablos et al., 2011; Quam et al., 2011). Skull 5 individual also has its
associated cervical vertebrae (Gómez-Olivencia et al., 2011;
Martínez et al., 2013).
The ﬁnding in 1999 of the left upper third premolar (AT-2719) of
this individual was especially relevant to this study, as will be
described below.
The state of preservation of Skull 5 is exceptional, and preserves
almost in total the cranial and mandibular bone structures and
teeth, without any distortion or deformation. All the fragments
recovered in subsequent excavation seasons were consolidated
(Primal and/or Paraloid B-72) and later reﬁtted with cellulose
nitrate (Imedio glue) and Paraloid B-72.
According to the dental evidence (Bermúdez de Castro et al.,
2004), Skull 5 belongs to an adult male, older than 35 years
although not senile, as there are no signs of suture closure, neither
exocranial nor endocranially. It preserves the complete upper and
lower premolar and molar series, as well as both upper central
incisors.
This study employed visual inspection and microscopic tech-
niques including a scan with a YXLON Y.CT Compact housed at the
Universidad de Burgos (Spain) (CT e scans parameters: Slice
increment ¼ 0.3 mm; Image size ¼ 1024 � 1024 & 512 � 512; Grey
levels ¼ 16 bits; Pixel size ¼ 0.161e0.217 mm). The images were
imported to Mimics 13.0 software (Materialise, Leuven) for
virtual reconstruction.
3. Results and discussion
3.1. Dental calculus, alveolar crest lesions, root exposure and tooth-
pick facets
3.1.1. Dental calculus
There is presence of dental calculus in almost all postcanine
teeth of Skull 5 (Fig. 2). The presence of an asymmetric pattern of
calculus between left and right mandibular dentitions suggests
some kind of post-mortem loss. In those teeth where calculus is
well preserved, it is adhered to the upper third of the exposed
buccal roots and lower half of the crown. According to Brothwell
(1981), the score of those teeth displaying remaining patches of
dental calculus can be attributed to the medium category, and are
presented in Table 1.
3.1.2. Periodontal disease
Given the extraordinary state of preservation, the alveolar crest
of both the maxilla and mandible of Skull 5 can be analyzed. There
is a root exposure of at least one third of the root in all of the
preserved teeth (see, for example, Fig. 2). There are signs of
marginal lipping along the buccal margin of the crest of the alveolar
process, particularly pronounced in the region of the posterior
teeth in both maxillae (Fig. 2). The superior rim of the entire
Fig. 1. Pathological signs present in Skull 5. Pathologies that have been previously described and studied extensively in this work, (1) Heavy tooth wear; (2) Dental calculus; (3) I2
dental abscess; (4) Alveolar crest lesions and root exposure; (5) Anomalous inter-proximal wear facets; (6) Broken P3; (7) Fistula at the P3. Unreported lesions included in this study
(8) I1 dental abscess; (9) Dental chipping at M3; Previously reported but studied with new evidence here (10) Maxillary osteitis. Scale bar 2 cm (Right etching credit: Almudena
Alcázar de Velasco).
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preserved crest is thickened in both the buccal and the lingual
sides. The lingual crest is particularly altered in the mandible. The
alveolar crest shows extensive porosity and signs of recession and
remodelling (Figs. 2e4). The margin is rounded and irregular, and
there is a periodontal pocket from 1 to 2 mm depth between the
tooth and the alveolus (Fig. 3, arrows).
The changes in the alveolar crest would result in the resorption
of the alveolar bone and the formation of an abnormally large
distance between bone and the cement-enamel junction (Ortner
and Putschar, 1981), with the presence of calculus probably
related to it. Changes in the architecture and texture of the alveolar
crest have been cited as more diagnostic of periodontal disease
than the extent of root exposed, as the latter can be also a conse-
quence of compensatory eruption processes (Ogden, 2008a, 2008b;
Martinón-Torres et al., 2011a, 2011b). The association of the root
exposure and the pathological changes assessed in the alveolar
crest suggest that this individual suffered at least moderate peri-
odontal disease (Ogden, 2008a, 2008b).
Marginal lipping has been identiﬁed in the superior rim of the
alveolar margin at the level of the lower molars in Skull 5. Marginal
lipping is more likely to be related to moderate periodontal disease
and calculus. Simple compensatory eruption classically produces
a knife-edged proﬁle to the alveolar margin, if there is no peri-
odontal disease to further complicate the picture (Hillson, 2008;
Ogden, 2008a). These alveolar changes, together with a high degree
of occlusal wear (see below) suggest heavy and intense masticatory
habits for this individual (following also Newman and Levers, 1979;
Clarke and Hirsch, 1991).
3.1.3. Anomalous inter-proximal tooth wear pattern (Fig. 4)
According to Lukacs and Pastor (1988), an inter-proximal groove
is a transverse furrow of variable shape worn into the mesial or
distal surface of a tooth at or near the cement-enamel junction. The
earliest documented case was reported by Siffre (1911), and in the
hominid fossil record by Weidenreich (1937). The ﬁrst publication
of an inter-proximal groove in the SH dental collection was that
from Bermúdez de Castro et al. (1997). Since that publication, other
Fig. 2. Right side dental calculus on mandibular dentition. All the preserved post-
canine teeth display a moderate expression of dental calculus.
Table 1
Dental calculus and anomalous inter-proximal grooves in Skull 5.
Element Side Calculus Tooth-pick
Maxillar P3 Right e e
Left Eroded e
P4 Right e M
Left e M & D
M1 Right Medium M & D
Left Medium M & D
M2 Right Medium M
Left Medium e
M3 Right Medium e
Left Medium e
Mandibular P3 Right Medium e
Left Eroded e
P4 Right Medium M
Left Eroded e
M1 Right Medium M & D
Left Eroded M & D
M2 Right Medium M
Left Eroded M
M3 Right Medium M
Left Small patch e
Dental calculus has been scored following Brothwell (1981) and not other more
acurated methods, as there is very probable an important post-mortem calculus’
loss in almost all the teeth. Tooth-pick grooves presence is recorded on the mesial
(M) and/or distal (D) inter-proximal surfaces.
Fig. 3. Occlusal view of the Skull 5 mandible, the left side. Left P3eM2 mandibular
teeth are in place, showing alveolar recession, root denudation and periodontal
pockets (see text).
Fig. 4. Tooth-pick groove on the distal inter-proximal surface of the right M1. Close-up
of the Skull 5 mandible, right side. Arrow points to the inter-proximal anomalous
groove.
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cases have been recorded in the SH sample (Gracia et al., 2011).
Skull 5 is one of the individuals that display a higher presence of
this trait in his dentition.
The gross size, shape and orientation of the marks together with
an assessment of the microstriae on their surface are employed in
the interpretation of activity-induced marks. As stated before (e.g.
Bermúdez de Castro et al., 1997; Gracia et al., 2011), these anoma-
lous abrasive facets are consequence of a continuous and reiterative
process of insertion and retraction of a probe as a tooth-pick.
There are eleven postcanine teeth out of 20 of Skull 5 that show
clear tooth-pick grooves, all at the cement-enamel junction level.
Table 1 lists the teeth surfaces displaying this type of anomalous
wear. All the Skull 5 teeth that show tooth-pick grooves also
present a denudation of the roots larger than 3.2 mm. The rough
porosity that characterizes the alveolar crest at the level of
premolars and molars is compatible with an inﬂammatory condi-
tion that probably affected the overlying soft tissues and justiﬁed
the continuous introduction of a hard probe to alleviate pain or
dislodge impacted food particles.
All the pathological signs of Skull 5 imply some kind of inﬂam-
matory response to one or more irritants and would be typical of
periodontal disease (Ortner and Putschar, 1981). Although chronic
periodontitis is usually painless, it can cause discomfort, swelling
and halitosis. It also favours dental drift and potential tooth loss
during the life of the individual (Dowsett et al., 2001).
3.2. Tooth wear
All the preserved teeth show a severe occlusal and inter-
proximal wear (Fig. 5), that had concomitant forward displace-
ment of the whole postcanine teeth-row by means of mesial drift.
Dental attrition is based on Molnar’s (1971) classiﬁcation, with the
distinction between attrition (¼ a form of wear caused by tooth to
tooth friction), and abrasion (¼ a form of wear caused by friction
between a tooth and an exogenous agent), sensu Grippo et al.
(2004).
All the maxillary teeth, except the premolars (category 5) and
the left M2 (category 6), show category 7 of tooth wear. Regarding
the lower dentition, all of the reserved teeth, excepting for the left
P3, right M2 and right M3 (category 6) display category 7 of occlusal
wear (Molnar, 1971). This severe attrition is also reﬂected in the
inter-proximal contact facets, which in some cases present
a complete wear of the enamel crown on its mesial and distal
surfaces (Fig. 5). The obtained Molnar scores suggest heavy and
prolongedmasticatory habits, but no abrasion signs were observed.
The upper central incisors crowns are almost worn away in a ﬂat
wear pattern (Fig. 6A). On their occlusal surfaces, it is possible to
distinguish a bucco-lingual macro-striation. These bucco-lingual
crests (Fig. 6B) of the occlusal areas of the upper central incisors,
seems to match the inter-proximal spaces of the ﬂatly worn lower
central and lateral incisors (not yet found). The pulp cavity of these
Fig. 5. Occlusal views of upper and lower dentitions of Skull 5. (A) Upper dentition; (B) Lower dentition. All the teeth show heavy tooth wear, with dentine exposure in all cusps.
Scale bar 2 cm.
Fig. 6. Upper central incisors tooth wear. Heavy tooth wear has worn almost the complete crown (A) and exposed the pulp cavity (B). Secondary dentine can be observed on the
right I1 occlusal view (red arrow). White arrows indicate the presence and direction of the bucco-lingual crests left by dental attrition. (For interpretation of the references to colour
in this ﬁgure legend, the reader is referred to the web version of this article.)
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teeth was exposed and there are signs of secondary dentine
deposition (Fig. 6B). There is post-mortem erosion at the apical
roots level of these incisors, simulating abscesses (as shown in
Brothwell, 1981, Fig. 6.15b).
As noticed by Kaifu et al. (2003, Fig. 2 caption, p.48), “published
description and photographs of various human populations in
heavy-wear environments indicate that individuals with moderate
or extensive tooth wear in such populations show several common
occlusal features”. Such features include ﬂatly worn occlusal
surfaces of teeth, development of a reversed Monson curve in
posterior teeth (occlusal plane that inclines downward to buccal),
extensive inter-proximal wear, and anterior edge-to-edge occlu-
sion. More upright positioning of anterior teeth and a nearly ﬂat
occlusal plane in lateral view may be added to this list. The same
characteristics are also ubiquitous among fossil hominids. Well-
preserved fossils of Neandertals and fragmentary fossils of
various other fossil human taxa suggest that this type of occlusion
has been normal in human lineage. In other words, Skull 5 presents
this kind of attritional heavy toothwear, but does not show any sign
of occlusal bevelling abrasion of the anterior dentition as is present
in some Neandertal specimens, such as La Ferrassie 1 and Shanidar
1 (e.g. Trinkaus, 1983). Although in Skull 5 the heavy tooth wear of
the central upper incisors does not allow study of labial wear striae,
they are present in a large number of SH specimens, always cor-
responding to right-handed individuals (Bermúdez de Castro et al.,
1988; Lozano et al., 2004) and relating this pattern to non-
masticatory uses of the anterior teeth.
Thus, the heavy attrition in Skull 5 is interpreted as caused by the
masticatory process and cannot be the consequence of the use of
dentition as a tool in the same way was documented for Inuit (e.g.
De Poncins, 1941 in Hylander, 1977) and suggested for Neandertals
(e.g. Brace, 1962; Trinkaus, 1983, 1989; Spencer and Demes, 1993).
3.3. Teeth fractures
There are two cases of tooth breakage in Skull 5 individual (see
below), that are especially relevant because there are signs showing
that they occurred during the individual’s life. There are other teeth
fractures on this individual, but their edges are sharp, suggesting
a peri/post-mortem origin.
3.3.1. Left upper third premolar
The ﬁrst time the pathological condition of Skull 5 was pub-
lished, Pérez et al. (1997) noticed a pathological bone aperture on
the top of the osteitis. This sign was described as the aperture of
a drainage canal of an apical abscess of the left P3 (see below). In the
1999 ﬁeld season, this tooth was recovered and it was broken
(Fig. 7).
The left P3 fracture comprises almost the complete half of the
crown, a large area of the root and the pulp cavity is exposed. The
vertical length of the fracture, including the crown and part of the
root, is 8.7 mm. If this fracture was produced antemortem, it could
explain the infection found at the apex of the P3 socket. According
to Ortner and Putschar (1981, p.603), “one possible criterion for
making the distinction between ante- and post-mortem fracture is
the smoothing of the fractured edges of the tooth, which would
occur in antemortem fracture if sufﬁcient time had elapsed
between the fracture and death” The fracture edges of the broken
left P3 that affected the crown have been smoothed (Fig. 7A, B)
while the fracture edges of the tooth root remain sharp, The
differential wearing on both surfaces of the same fracture is very
likely due to a fairly long attrition of the broken crown tooth surface
after the fracture.
3.3.2. Left lower third molar
On the mesio-buccal surface of the protoconid of the lower left
thirdmolar of themandible of Skull 5, there is a large loss of enamel
and dentine (Fig. 8). The fracture affects more than half of the cusp,
including both the mesio-buccal and occlusal surfaces of the tooth
(see Figs. 5 and 8). This chipped tooth was broken during Skull 5
individual’s life, as can be interpreted from the conspicuous
smoothing of the fractured edges, observable at the enamel and
dentine tissues (see Ortner and Putschar, 1981, p.603).
Fig. 7. Fracture of the left P3. (A) The breakage occupies almost half of the crown, and has exposed the pulp cavity. (B) Occlusal view of the broken P3, showing the smoothing of the
crown’s fracture edges.
Fig. 8. Fractured left M3. The chipping of this tooth comprises almost the complete
protoconid, both on the mesio-buccal and occlusal surfaces. The fracture edges appear
smooth and rounded.
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3.4. Periapical lesions
The most common type of cysts in archaeological remains are
periapical cysts (e.g. Ripamonti, 1988; Lebel and Trinkaus, 2002;
Gracia, 2007). The origin of periapical cysts is an inﬂammatory
process that develops from death of the pulp due to trauma or
infection by oral bacteria (Dias and Tayles, 1997; Dias et al., 2007).
The infection starts in the pulp cavity and, consequently, it will
affect all the pulp chambers and canals (Ogden, 2008b). The accu-
mulation of the breakdown products resulting from the necrosis
will create the apical lesion. The infectionmay eventually discharge
through the least resistant zone of the bone, normally the buccal
rather than the lingual plate.
The mandibular and maxillary alveolar bones of Skull 5 exhibit
three osteoclastic lesions at the level of left I1, I2 and the left P3, that
can be well deﬁned as chronic abscesses, sensu Ogden (2008a), as
they all three display different smooth-walled sinus tracking
through the cortical bone.
3.4.1. Periapical abscess at the level of left P3
An oval lytic lesion was observed in the left side of maxillary
bone of Skull 5, at the top of a very extensive remodelled area. It
clearly represents the external aperture of a drainage canal,
resulted from a ﬁstulation process at the level of the apex of the
P3 socket (Fig. 9). The shape of the lytic void is funnel shaped,
measuring 2.25 mm (vertical dimension)  2.56 mm (horizontal
dimension). The surrounding bone presents a large area of
pathological alteration, abnormal bone density in the form of
porotic and periosteal remodelling, and signiﬁcant bone deposi-
tion that alters the morphology of the face at this point (see
below).
It is important to bear in mind that the associated tooth, the left
P3, was broken during life (see above), and that the pulp chamber
was exposed. It is suggested that a chronic infection of this tooth
was coursing when this individual died, after the development of
the extensive maxillary bone remodelling, as the ﬁstula crosses the
complete bone mass to drain out the pus.
Fig. 9. Fistular canal from the apex of the left broken P3. (A) Frontal view of the left maxilla of Skull 5. (B) CT scan segmentation of Skull 5 showing the ﬁstular canal path (orange)
from the apex of the broken P3 (blue) to the external aperture. Arrows point to the aperture of the ﬁstula on the maxillary bone. (For interpretation of the references to colour in this
ﬁgure legend, the reader is referred to the web version of this article.)
Fig. 10. Alveolar cysts on the mandible of Skull 5. (A) Frontal view. (B) Enlarged image of the blue area shown in (A). Left I1 (left arrow) and I2 (right arrow) apical cysts are indicated.
Scale bar 2 cm. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)
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3.4.2. Periapical cyst at the level of left I2
In themandible, themost outstanding lytic bone lesion is located
inferiorly to the alveolar socket of the left I2, and its maximum
measurements are 5.25 mm (vertical dimension)  4.62 mm (hori-
zontal dimension) (Fig. 10). Morphologically, the void is character-
ized bywell-deﬁned roundmargins, and signs of bone remodelling,
with porosity and bone deposition around it. In fact, this lytic lesion
displays “a rolled and thickened rimwhere it penetrates the cortical
plate of the alveolus, and the opening is often surrounded by a ‘halo’
of new bone formation”, exactly as is characterized as a ‘chronic
abscess’ in Ogden (2008a, Fig. 13.10).
Although the associated tooth, the left I2, has not been recovered
yet, its alveolar ﬂoor does not display any sign of bone resorption, or
loss of alveolar height in its anterior aspect, indicating that the
tooth loss was likely peri/post-mortem. There are no signs of
alveolar crest recession beyond a slight thickening and porosity
possibly related to the concomitant periodontal disease. This would
support the hypothesis of a peri/post-mortem tooth loss. It can be
reasonably concluded that this tooth was also functional to the
demise of this individual. Finally, the heavy occlusal attrition (see
upper incisors) is compatible with the exposure of the pulp cavity
to infective agents and the frequent development of apical
abscesses in this situation.
Fig. 11. Maxillary osteitis of Skull 5. The new bone formation and the remodelled area
occupy a large area of the left maxilla (see text). Scale bar 2 cm.
Fig. 12. CT scan images of Skull 5. (A) Sagittal CT scan slice showing the new bone formation caused by the osteitis. (B) This coronal CT scan slice was selected attending to the
maximum expression of the new bone formation of the osteitis. Differential thickness of the cortical bone on the left (pathological) and right (normal) are shown in ﬁgure (B). (A)
anterior; (P) posterior; (R) right; (L) left. Scale bar 2 cm.
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3.4.3. Periapical cyst at the level of the left I1 (Fig. 10)
The mandibular buccal wall of the ﬁrst lower incisor’s sockets is
not preserved, and it cannot be determined if it was a post-mortem
loss, as it shows eroded borders that could be either the result of
taphonomical erosion or remodelling. Nevertheless, it is possible to
observe at the apex of the left I1 socket a clear enlargement on the
bottom (Fig. 10). It corresponds to a small lytic lesion (maximum
breadth ¼ 2.9 mm). A small, short and shallow canal runs out and
downwards from the most apical margin (see Fig. 10), probably
corresponding to a drainage groove. Moreover, the margins of the
aperture are rounded and polished. Although the tooth has not
been recovered, it is very likely that it had a heavy tooth wear, and
the pulp cavity was exposed, as it is the case for the upper incisors,
indicating a possible way of infection. Taking into account all these
data, this apical abscess was coursing at the time of death of this
individual.
3.5. Maxillary osteitis
The most conspicuous pathological sign of Skull 5 is a bone
proliferation on the left maxillary bone above the canine-molar
roots (Fig. 11). After visual inspection, these lesions correspond to
a chronic maxillary osteitis present for months before death, which
extends up to the orbit, medially to the lower left nasal border and
laterally to the distal M1 level, affecting the complete alveolar bone
in that region.
The use of CT scanning established the incidence of concomitant
anatomic variations and accurate recording the extent of the
lesions (Fig. 12). The cortical bone of the left maxilla is considerably
thickened (Fig. 12) reaching the thickest point at the anterior
insertion of the inferior turbinate (3.9 mm). The thickness at the
same point on the right side is 3.7 mm. The alveolar region is also
thickened, reaching the alveolar border. At the inferior orbital
margin, the bone is not thickened.
As described (see above) a ﬁstular drainage canal goes
throughout the new maxillary bone formation (Fig. 9). Other
anomalous drainage patterns towards the nasal and orbital cavities
can be deduced from the two remodelled external surfaces that
appear on the maxilla of Skull 5 (Fig. 13A). The ﬁrst remodelled
groove-like surface crosses the upper part of the maxillary bone,
ending some 12mm below the infero-medial lacrimal corner of the
orbital socket (Fig. 13B). The new bone formation shapes a craneo-
caudal groove with some collateral bony spiculae along its lateral
border.
The second anomalous groove, wider than the ﬁrst one, affects
the complete left lower nasal rim. It shows a smooth and pol-
ished concave remodelled aspect (Fig. 13C). The morphology of
this region, as well as the one previously described, ﬁt with
a drainage canal towards the nasal aperture and the nasal cavity,
respectively.
The proliferative bone thickening appears localized, as well as
the remodelled regions. All the lesions seem to be developed from
or nearby the apical abscess of the left P3. Moreover, there is a bone
overgrowth displaying a radial disposition (Fig. 13C). The most
conspicuous remodelling affects the area of the left inferior left
nasal rim, where the lesser alar cartilages and some of the facial
muscles insertions are placed, being the original normal
morphology completely altered (Fig. 14).
The outline of the bone thickening points to an inﬂammatory
reaction to the pathological process either started on the maxillary
bone and/or on the concomitant soft tissues. The purpose of this
bone reaction is to aid the repair process by increasing the blood
supply to the affected area. This can be assessed by the dilatation of
all the tiny capillaries that penetrate the bone, evident in the porous
cancellous bone texture that can be observed laterally (Fig. 15).
Fig. 13. Details of Skull 5 maxillary bone remodelling. (A) General view of the left side. (B) Cranio-caudal groove running from the highest point of the new bone formation towards
the lacrimal canal. (C) Smooth and concave remodelled area on the left inferior nasal rim, suggesting the presence of drainage via towards the nasal aperture. (D) Radial aspect of the
new bone formation. Scale bar 2 cm.
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The authors have not found a similar case than the Skull 5 in all
the available literature. For the differential diagnosis of the maxil-
lary osteitis, several etiological factors were considered.
The contours of the lesion are continuous (Fig. 12), elimi-
nating signs of osteoclastic activity, which would be typical of
a neoplastic formation (see Ortner and Putschar, 1981). This,
together with all the inﬂammatory signs mentioned above, are
compatible with an associated infectious process, as described
for other facial regions, such as for the maxillary sinuses;
resulting in a buttressing increase of bone (e.g. Wright and
Kellman, 2002). Their description referred only to the interior
walls of the maxillary sinuses, but the CT scan images of the
affected cortical periostitic bone of Skull 5 reveal a similar bone
density.
As reported in a previous study (Pérez et al., 1997), “this
maxillary osteitis could resemble a late lesion of a non-veneral
treponematosis”. However, none of the postcranial elements that
have been found so far in the SH site display any sign compatible
with this diagnosis.
A focalized osteomyelitis cannot be discarded, as in some
cases this kind of bone infection can be found localized in only
one type of bone tissue (Douglass and Trowbridge, 1993). In this
case, the bone infection should be present only on the periostium
and the cortical bone. Nevertheless, the density of the new bone
formation, as well as the absence of disorganized structures,
sequestra and osteolysis, makes the osteomyelitis diagnosis less
probable.
Having only the bony evidence, an associated infection of the
related soft tissues cannot be discarded. If the adjacent muscular
tissue has a severe and chronic infection, it is possible that the
infection spread towards and through the periostium and the
cortex of the subjacent bony tissue. This was a likely possibility in
the case of Skull 5’s osteitis, as it is focused in a small area, but also
remodelled the ﬂoor of the left nasal cavity. Whether this intense
osteitis could have been the cause of death of this individual or not
is difﬁcult to prove. However, it is important to note that the entire
region affected corresponds to the so-called “maxillofacial death
pyramid”, where the nature of the blood supply makes this area
susceptible for retrograde infections from the nasal area to the
brain (e.g., Binder et al., 2010; Zhang and Stringer, 2010). The
venous communication between the facial veins and the cavernous
sinus inside the cranial vault potentially allows the direct spread
into the brain of infections located in the “triangle” that covers from
the corners of the mouth to the bridge of the nose (Zhang and
Stringer, 2010). A single heavy blow on the left side of the face
(breaking the left P3) could have triggered themaxillary osteitis and
the abscess at the left P3 apex, both active at the moment of the
Skull 5 individual’s death (and probably associated with a serious
soft tissue injury).
Fig. 14. Remodelled nasal rim of Skull 5 (A). In red, the normal (outlined) and modiﬁed
(solid) anatomies of the lower nasal rim (B). (For interpretation of the references to
colour in this ﬁgure legend, the reader is referred to the web version of this article.)
Fig. 15. Lateral viewof themaxillary osteitis of Skull 5. (A)General viewof the left side. (B) Close-upof the blue area in (A), showing theporous surface on the lateral borderof the osteitis
that suggests active inﬂammation at the time of death. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)
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4. Conclusions
A detailed palaeopathological study was presented of the oro-
facial lesions present in Skull 5 from Sima de los Huesos site. Apart
from testing previous diagnosis and identifying unreported lesions
(the I1 abscess and the M3 fracture), the timing of the pathological
events was determined, producing the conspicuous bone growth of
the maxilla with the aids of CT images. This is particularly impor-
tant to assess the duration/chronicity of the lesions and the cause/s
of them. Some physiological particularities of the region affected
could point to the maxillary osteitis and concomitant infection as
a probable cause of death.
This study reveals several dental lesions in Skull 5, such as
remodelling and recession of the alveolar crest, calculus deposits,
several apical abscesses and root exposure. These pathological signs
are compatible with at least moderate periodontal disease that,
together with the severe dental attrition and teeth fractures would
point to an intense and heavy use of dentition. In addition, anom-
alous wear facets are compatible with the use of toothpicks,
probably associated with the denudation of the roots. All apical
abscesses were active at the time of death of Skull 5.
Apart from these dentognathic lesions, the left maxilla presents
an anomalous growth that alters the external morphology of the
face. Taking into account all the pathological signs in this region,
the differential diagnosis allows discarding neoplastic formation
and other infectious diseases such as non-venereal treponematosis
for the maxillary osteitis of Skull 5. Thus, the pathological bony
evidence present in Skull 5 is only a slight reﬂection of a hard
trauma suffered by the bone itself and the broken P3, provoking the
localized spread of the infection to the associated soft tissues, and
eventually evolving into a chronic infection, probably with pain and
functional masticatory disability, apart from obvious external
deformation of the face. The maxillary infection coursed during
a long time, and the broken premolar became infected afterwards,
as the ﬁstula crosses the new bone formation.
This individual could have suffered a heavy impact, developing
an important chronic infection. Whether that could have resulted
in a septicaemia and be a possible cause of death is difﬁcult to
prove. However, the described lesions affect the so-called “maxil-
lofacial death pyramid”, whose particular vascular anatomy would
allow the spread of facial infections directly to the brain.
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Evidence of Stress Fracture in a Homo
antecessor Metatarsal from Gran Dolina
Site (Atapuerca, Spain)
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ABSTRACT We present the palaeopathological analysis of a right fourth metatarsal (ATD6-124) recovered from the
Atapuerca–Gran Dolina site (Spain). This fossil, ca. 1Ma, belongs to Homo antecessor, the earliest known
European hominin species. The metatarsal exhibits a proliferative lesion on its medial periosteal surface.
Periosteal reaction can be the bone response to a wide number of injurious processes. We describe a lesion
on the basis of macroscopic and microscopic analyses, including microtomography and scanning electron
microscopy. Externally, the osteoblastic lesion presents a highly porotic and disorganised morphology.
Internally, we observe a series of micro-fractures on the compact bone that do not affect the medullary canal.
We provide a differential diagnosis and suggest that the ATD6-124 lesion could correspond to a pedal stress
fracture, also known as fatigue or march fracture. Stress fractures have been related to a load increase and
muscular fatigue. This type of fracture has been widely reported in the foot of soldiers and athletes, which are
usually engaged in strenuous, excessive or prolonged locomotive activities. Despite its high frequency in
these groups, stress fractures have not been reported as such in fossil collections, with the exception of a
metatarsal belonging to the Sima de los Huesos site (Atapuerca). Copyright © 2013 John Wiley & Sons, Ltd.
Key words: callus; Early Pleistocene; micro-fracture; paleopathology; periostitis
Introduction
Periosteum is a membrane that covers externally the
cortical bone and is involved in maintaining bone
formation throughout life (Marks & Odgren, 2002;
Ortner, 2008; Sadaﬁ et al., 2009). Bone growth is achieved
through external apposition at the periosteum and internal
resorption at the endosteum (Marks & Odgren, 2002;
Sadaﬁ et al., 2009; Waldron, 2009a). Periosteal bone
formation can be physiological, as seen in juveniles, or
pathological, as a response to an injury or insult to the
tissue. Thus, periosteum function is of crucial importance
during healing processes (Marks &Odgren, 2002; Ortner,
2008; Sadaﬁ et al., 2009; Waldron, 2009a). Periosteal
membrane responds to injuries by forming layers or
spicules of new bone (Ortner, 2008). Pathological
episodes that affect the periosteum are diverse and include
trauma, infection and tumours (Schultz, 2003; Ortner,
2008;Waldron, 2009a). Despite several attempts to relate
periosteal reactions to a speciﬁc aetiology, studies have
shown that bone can respond to different insults in
the same manner (Schultz, 2003; Pinheiro et al.,
2004; Rana et al., 2009; Weston, 2009). This lack of
speciﬁcity makes of periosteal reaction one of the most
recorded bone changes in archaeological and fossil
collections (e.g. Walker et al., 1982; Lovell, 1991;
Skinner, 1991; Rothschild et al., 1995; Dawson &
Trinkaus, 1997; Fennell & Trinkaus, 1997; Ortner,
2008; Weston, 2009; DeWitte & Bekvalac, 2011).
A relevant example of periosteal reaction in the
human fossil record could be the case of the Homo erectus
specimen KNM-ER 1808. This fossil presents a
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generalised, bilateral and extended periosteal reaction
in the form of layers along the appendicular skeleton.
Walker & colleagues (1982) and Skinner (1991) agreed
that the most likely aetiology for the extended blastic
reaction of KNM-ER 1808 was hypervitaminosis A,
although they did not coincide in the suggestion of
the vitamin A source. However, Rothschild et al.
(1995) considered that the lack of enthesopathies in
KNM-ER 1808 made the hypervitaminosis A an
unlikely diagnosis. Instead, they proposed an infectious
origin, a treponemal infection, for the changes
recorded in the KNM-ER 1808 skeleton (Rothschild
et al., 1995). Walker et al. (1982) suggested that hyper-
vitaminosis A was a consequence of carnivore liver
intake, whereas Skinner (1991) proposed that it was
due to bee brood consumption. One or the other
explanation (liver versus bee brood) would have
implied a different strategy of subsistence (scavenging
versus gathering) for this hominin group.
Another relevant case of generalised periosteal
reaction in the fossil record is La Ferrassie 1, a Neander-
thal skeleton that presents bilateral and extensive
diaphyseal periosteal thickening and has been attributed
to hypertrophic pulmonary osteoarthropaty (Fennell &
Trinkaus, 1997).
There are other examples of localised periosteal
reaction in the fossil record such as a dorsal convex
lesion on the ﬁfth proximal pedal phalanx of Kiik-
Koba 1 Neanderthal (Trinkaus et al., 2008). Although
the X-ray did not evince signs of fracture, Trinkaus
et al. (2008) argued that the new bone formation
corresponds to the callus after fracture healing.
Another case of localised blastic periosteal lesion
has been recently described in a fourth metatarsal
recovered in the Middle Pleistocene site of Sima de
los Huesos (Atapuerca) assigned to Homo heidelbergensis
(Gracia-Téllez et al., 2012) and also related to a
traumatic origin.
The type and location of the lesions may help
reconstruct subsistence activities, locomotion habits
or occupational activities in past (e.g. Walker et al.,
1982; Lovell, 1991; Skinner, 1991; Berger & Trinkaus,
1995; Gardner & Smith, 2006) and recent populations
(e.g. Ciranni & Fornaciari, 2003; Molleson, 2007;
Villotte et al., 2010). As well as the aforementioned case
of KNM-ER 1808 interpreted as a behavioural pattern,
the callus formation documented in some non-human
primates has been related to trauma because of falls
during arboreal locomotion (Lovell, 1991).
In this article, we present a paleopathological study
of a fourth right metatarsal (ATD6-124), assigned to
the Early Pleistocene Homo antecessor species. The
specimen presents a large periosteal thickening on its
medial aspect most likely related to a trauma. We make
a differential diagnosis, and we discuss possible
behavioural implications.
Materials and methods
Materials
ATD6-124 has been identiﬁed as an adult fourth
right metatarsal (Pablos et al., 2012) (Figure 1). This
fossil has been recovered from the TD6 level of the
Atapuerca–Gran Dolina site (Burgos, Spain), dated
to approximately 900 ka (Falguères et al., 1999;
Berger et al., 2007). To date, this site has provided
up to 150 human fossils assigned to H. antecessor
(Carbonell et al., 1995; Bermúdez de Castro et al.,
1997; Lorenzo et al., 1999; Carbonell et al., 2005;
Bermúdez de Castro et al., 2008; Pablos et al.,
2012), representing the oldest human species of
Europe. The total preserved length of ATD6-124 is
52mm, midshaft breadth 7.8mm and midshaft
height 9.1mm (Pablos et al., 2012).
The metatarsal presents a post-mortem fracture of
the distal end that has produced the loss of the head
(Figure 1). Compared with a complete metatarsal from
the same site (see ATD6-70+107 in Lorenzo et al.,
1999), the preserved portion of ATD6-124 represents
approximately 2/3 of the total length.
Figure 1. Fourth right metatarsal from Gran Dolina: (a) dorsal, (b) me-
dial and (c) plantar views. Lesion localised on the medial aspect of the
fourth right metatarsal; white arrows point to the lesion (scale bar,
5 cm). This ﬁgure is available in colour online at wileyonlinelibrary.
com/journal/oa.
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Methods
In order to characterise the texture of the lesion, we
analysed the metatarsal with a zoom stereo microscope
(Olympus SZ61, Hamburg, Germany) with camera
(Olympus UC30, Hamburg, Germany) and scanning
electron microscopy (SEM; FEI, model Quanta 600,
Eindhoven, The Netherlands). In addition, the fossil was
scanned with a Scanco microtomographic system (mCT
80, Scanco Medical, AG, Bruettisellen, Switzerland))
housed at theMicroscopy Laboratory (CENIEH) by using
the following parameters for the scan: 70kV, amperage140
mA and isometric voxel size=30mm3. The image stack
was imported into AMIRAW software package (Berlin,
Germany). The high resolution of the mCT images allows
us a detailed assessment of the internal structure of the
bone in a non-invasive manner. The mCT images were
also employed to measure the lesion. For that purpose, a
3D model was ﬁrst generated to orientate the metatarsal:
long axis parallel to the x plane, and the proximal edge
perpendicular to the x-axis. Then 2D sections were
carried out in all planes to obtain the disto-proximal length
and dorso-plantar height (measured at the middle point of
the lesion). Finally, themedio-lateral widthwas obtained at
the plane where the blastic lesion was visible onmedial and
lateral surfaces.
The periosteal reaction of ATD6-124 was assessed
following Rana’s periosteal reaction classiﬁcation (Rana
et al., 2009).
Description of the lesions
Periosteal lesion
ATD6-24 displays a bone-forming lesion that has
created a protuberance on the periosteum of the
diaphysis. This blastic lesion is highly focal, affecting
a delimited area of the bone surface, and dome-
shaped. It covers almost entirely the medial aspect of
the shaft on vertical and horizontal directions,
extending slightly towards plantar (Figure 1). The
dimensions of the lesion (Figure 2) are 25.8mm for
the proximo-distal length (Figure 2(a)) and 8mm for
the medio-lateral width (Figure 2(c)). For the dorso-
plantar height, we obtained three values: a minimum
of 1.3mm at its mid-point, a maximum of 2.5mm at
its most dorsal aspect and an intermediate value of
2.1mm at its plantar side (Figure 2(b)).
The SEM and stereo microscope analyses revealed
that the new bone is highly porotic and can be
identiﬁed as woven bone (Figures 3(a, b)), except on
its most proximal aspect, where the bone is denser
(Figure 3(c)). This pattern is consistent with the images
of the lesion obtained with the mCT. The mCT
analysis showed that the proximal segment presents a
dense structure on its base, similar to compact bone;
and there is only a microscopic remnant of porotic
texture on its most superior (medio-dorsal) aspect
(Figure 4(a)). The distal part, on the other hand,
exhibits the same porotic aspect at its base and on the
superior surface. This morphology is identiﬁed as
cancellous bone (Figure 4(b)).
Despite the small area of bone remodelling, from
woven to lamellar texture (Figures 3(c) and 4(a)), the
overall internal and external bone morphologies
indicate that the lesion was still active at the time of
the individuals’ death.
On the basis of the SEM and mCT images, the
lesion can be characterised as a thick irregular or class
C periosteal reaction (Rana et al., 2009). However, as
the limit between the cortical bone and the osteoblas-
tic formation is slightly altered, we could be seeing
the initial stage of disorganised or class H periosteal reac-
tion (Rana et al., 2009).
Figure 2. Lesion measurements: (a) proximo-distal length (scale bar, 2.5 cm); (b) dorso-plantar height; and (c) medio-lateral width (scale bar, 1.5 cm).
This ﬁgure is available in colour online at wileyonlinelibrary.com/journal/oa.
Metatarsal Stress Fracture in Homo antecessor Species
Copyright © 2013 John Wiley & Sons, Ltd. Int. J. Osteoarchaeol. (2013)
3 A R T I C L E 
78
5
Cortical lesion
The mCT images reveal a disruption of the cortical
bone circumscribed to the medial outer surface
(Figure 5). On parasagittal 2D sections we can see:
(a) A series of transverse and radiolucent lines
(microcracks) along the cortical that penetrate be-
tween 2.7 and 2.2mm into the bone. These lines
are located inferiorly to the new bone formation
(Figure 5(a)).
(b) A radiolucent area, of approximately 13mm, that
has produced a major discontinuity of the cortical
bone (Figure 5(b)). The distance from the proximal
epiphysis to the radiolucent area is 40mm
(Figure 5).
The 3D reconstruction revealed the same signs we
observed on the 2D sections, that is, discontinuity of
the cortical bone.
Differential diagnosis
Bone periosteum reacts under the inﬂuence of injurious
stimuli. This bone response is a common ﬁnding in
skeletal collections (e.g. Walker et al., 1982; Skinner,
1991; Ortner, 2008; DeWitte & Bekvalac, 2011).
Proliferative bone reaction has been associated to
haemorrhagic, infectious, metabolic, traumatic, tumor-
ous and circulatory processes (Suzuki, 1991; Schultz,
2003; Pinheiro et al., 2004; Burgener, 2006; Waldron,
2009a; Weston, 2009; DeWitte & Bekvalac, 2011).
In this section, we provide a differential diagnosis
with the osteoblastic conditions that can affect
metatarsals and suggest a likely aetiology for the
ATD6-124 lesion.
Figure 3. Texture of the lesion. Metatarsal: medial to the top, proximal to the left and distal to the right. (a) Medial view of the porotic texture (stereo
microscope). (b) Plantar view of the porotic texture (SEM). (c) Proximal aspect of the lesion (SEM). This ﬁgure is available in colour online at
wileyonlinelibrary.com/journal/oa.
Figure 4. Parasagittal 2D section of the metatarsal (medial to the top;
lateral towards the bottom; proximal to the left and distal towards the
right). (a) Detail of the new bone deposition on its proximal surface.
(b) Detail of the new bone deposition on its distal surface (scale bar,
2.5 cm).This ﬁgure is available in colour online at wileyonlinelibrary.
com/journal/oa.
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Infectious processes
The lack of signs related to infectious processes, such as
involvement of the medullar cavity, cloaca and
sequestrum as well as the type of new bone formation, al-
lows us to discard infection, including osteomyelitis, as
probable cause for the lesion of ATD6-124 (Ortner,
2003a, 2008; Rana et al., 2009). We also rule out skin
ulcer because the area of the lesion is not in direct
contact with the skin (Aufderheide & Rodríguez-
Martín, 1998a; Ortner, 2003a, 2008).
Tumorous origin
We consider that the described lesion could not
correspond to a tumorous formation. We discarded the
following:
(a) Osteolytic tumours, such as osteolytic sarcoma, as the
Gran Dolina metatarsal lesion is of osteoblastic
nature (Aufderheide & Rodríguez-Martín, 1998b;
Ortner, 2003b).
(b) Bone forming tumours such as (i) osteosarcoma, because the
trabecular and the medullary canal are not affected in
ATD6-124 (Aufderheide & Rodríguez-Martín,
1998b; Ortner, 2003b); (ii) Ewing’s sarcoma, as the
metatarsal does not present radiant bone spicules
(Aufderheide & Rodríguez-Martín, 1998b; Ortner,
2003b); (iii) osteomas, because the histological na-
ture of this tumour (dense lamellar bone),
location (preferably on the skull) and
appearance (polished ivory-like button) do not
match those of the ATD6-124 lesion
(Aufderheide & Rodríguez-Martín, 1998b; Ortner,
2003b); and (iv) chondrosarcoma, because it
develops on the metaphyseal area of long bones
and it is of nodular morphology (Aufderheide &
Rodríguez-Martín, 1998b; Ortner, 2003b).
Lesion by exogenous corpus
Recently, Suresh (2011) published a case of a fourth
metatarsal periosteal reaction due to an embedded palm
thorn. Suresh (2011) observed two periosteal reactions:
(i) osteolytic, where the thorn was embedded, and (i)
osteoblastic, on the opposite surface. We have found
some similarities between Suresh’s case (Suresh, 2011)
and the ATD6-124 case. That is, same bone element
(fourth metatarsal), periosteal new bone formation
affecting one surface of the shaft and the lack of
infection signs. However, we have not observed any
major osteolytic lesion that would be the main sign to
support this aetiology.
Hyperthrophic (pulmonary) osteoarthropathy
We consider this diagnosis unlikely because hypertrophic
pulmonary osteoarthropaty rarely affects metatarsals. In
addition, the new bone forms along all surfaces of the
diaphysis, and it can even extend into the metaphysis of
Figure 5. Parasagittal section 3D reconstruction (medial towards the top, lateral towards the bottom; proximal to the left and distal to the right). (a
and b) Two parasagittal sections on 2D; white arrows point the micro-fractures.This ﬁgure is available in colour online at wileyonlinelibrary.com/jour-
nal/oa.
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the bone. The localised nature of the lesion observed in
the Gran Dolina metatarsal allows us to discard this
condition (Ortner, 2003c).
Trauma
Fracture is a type of trauma and consists of the disrup-
tion of the bone structure, normally involving the
adjacent soft tissues. Stress fractures are also referred as
fatigue fractures (Burr et al., 1985; Anderson, 1990) and
march fractures in medical literature (Nickerson, 1943;
Leveton, 1945). This type of fractures is commonly
incomplete, the healing process usually leaves no trace
of the fracture and there is a perfect bone alignment
(Ortner, 2003d; Bennike, 2008; Hosalkar et al., 2009;
Waldron, 2009b). Thus, its diagnosis usually relies on
the identiﬁcation of other signs related to the micro-
fractures such as inﬂammation, bone turnover and
callus formation (Anderson, 1990; Viladot & Viladot,
1998; Ortner, 2003d).
Historically, this type of fracture was commonly
documented in soldiers (Nickerson, 1943; Leveton,
1945). Nowadays it is also found in athletes (Whittle,
1994; Christina et al., 2001; Romani et al., 2002). In
maturity, once the developmental phase of the skeleton
is completed, bone is in continuous remodelling by
means of a stable cell mechanism. Osteoclastic cells
produce resorption of the bone; subsequently,
osteoblasts enhance the formation of new bone (Marks
& Odgren, 2002; Ott, 2002; Romani et al., 2002;
Ruohola, 2007). Physical activity has been shown to
strengthen the bone through this remodelling
mechanism (Romani, 2002; Ortner, 2003d; Ruohola,
2007). However, strenuous, excessive and/or continued
stress during the remodelling phase of osteoclastic
activity could produce imbalance in the remodelling
mechanism (Romani et al., 2002; Ortner, 2003d;
Ruohola, 2007). This imbalance would make the bone
more prone to fracture (Romani et al., 2002; Ortner,
2003d; Ruohola, 2007).
We consider that the most likely cause of the
external lesion observed on the ATD6-124 fourth right
metatarsal is a stress fracture. The identiﬁcation of
cortical radiolucent lines that are compatible with
micro-fractures, the lack of medular involvement and
the area of bone remodelling congruent with the stage
of callus formation would be signs in favour of this
diagnosis. Figure 6 depicts two examples of metatarsal
stress fractures, in the same stage of healing, to
highlight the similarities between ATD6-124 and
modern stress fractures. In addition, the location of
the micro-fractures coincides with the weakest point
of the metatarsal shaft (40mm from the most proximal
portion) in accordance to the Arangio’s assessments
about the moments of inertia (Arangio et al., 1998).
Diagnosis: stress fracture
A stress fracture of the metatarsal would correspond to a
type of indirect fracture according to Hawkins (2005),
and it would be the consequence of repetitive forces
(Anderson, 1990; Arangio et al., 1998; Viladot & Viladot,
1998; Donahue & Sharkey, 1999; Arndt et al., 2002;
Hawkins, 2005; Burgener, 2006; Nagel et al., 2008). The
application of stress, namely repetitive forces and load,
would cause microcraks on the bone surface. If the stress
is maintained through the time, micro-fractures will de-
velop into a transverse fracture (Burr et al., 1985; Norman
and Wang, 1997; O’Brien et al., 2003; Burgener, 2006;
Hazenberg et al., 2006, Ruohola, 2007). Those micro-
fractures are rarely visible with the conventional
diagnostic techniques. However, the application of
high-resolution mCT allows us to visually identify them.
Possibly the ﬁrst description of a march fracture is
that of Breithaupt in 1855 (in Leveton, 1945). He
concluded that traumatic tenosynovitis was the most
likely cause of the fracture. Since then, several other
aetiologies have been suggested such as tendonitis,
synovitis, bacterial periostitis, metatarsalgia and
anomalous development of the foot (Leveton, 1945).
However, more recent studies present more plausible
hypotheses, all related with locomotor activities. On
one hand, there is evidence that increasing and repeti-
tive forces applied to a bone challenge its structure and
causes microdamage on its surface. This process can
ﬁnally lead to the initial stages of stress fractures (Burr
et al., 1985; Hughes, 1985; Anderson, 1990; Viladot &
Viladot, 1998; Donahue and Sharkey, 1999;
Hazenberg et al., 2006). On the other hand, Leveton
(1945) and Christina et al. (2001) suggested that
fractures of metatarsals were the result of the muscular
fatigue of those muscles directly related to gait, such as
peroneus longus, tibialis posterior and tibialis anterior.
Finally, studies by Arndt et al. (2002) and Arangio &
colleagues (1998) presented hypotheses based on
multiple factors. Arndt & colleagues (2002) considered
metatarsal fracture a combination of two aetiological
factors, load and muscle fatigue. However, Arangio &
collaborators (1998) posited four possible factors
involved in the production of stress fractures: (i) load
direction (horizontal forces could cause major damage
than vertical ones); (ii) magnitude of the load (higher
intensity augment the risk of fracture); (iii) segment
of the bone where the force is applied (middle segment
of a metatarsal exhibited major weakness under applied
L. Martin-Francés et al.
Copyright © 2013 John Wiley & Sons, Ltd. Int. J. Osteoarchaeol. (2013)
C H A P T E R 
81
forces); and (iv) muscle reaction under those forces
(action or lack of action).
Conclusion
We conclude that the lesion displayed by the Gran
Dolina-TD6 fourth metatarsal corresponds to a stress
fracture. The lesion would correspond to the process
of callus formation, particularly at the initial stage of
bone turnover from woven bone into lamellar bone. A
similar bone reaction in metatarsals with stress fractures
has been observed in modern populations (see Figure 6
and other modern X-ray examples from Anderson,
1990; Viladot & Viladot, 1998).
Stress fractures are the consequence of bone
structure failure caused by load demands, muscular
fatigue or a combination of factors (e.g. Leveton,
1945; Anderson, 1990; Arangio et al., 1998; Christina
et al., 2001; Arndt et al., 2002).
Stress fractures of metatarsals frequently occur in
soldiers and runners involved in high-intensity, repetitive
activities such as marching or running (Nickerson, 1943;
Leveton, 1945; Anderson, 1990; Whittle, 1994; Viladot
& Viladot, 1998; Donahue & Sharkey, 1999; Romani
et al., 2002; O’Brien et al., 2003; Nagel et al., 2008). As
hypothesised, for non-human primates (Lovell, 1991)
and other hominin species (e.g. Walker et al., 1982;
Skinner, 1991; Gardner & Smith, 2006), pathological
events can reﬂect behaviours. The stress fracture
observed in ATD6-124 implies a failure in accommodat-
ing the forces that the metatarsal was receiving. This
could be in turn related to a poor anatomical adaption,
ﬂat-footedness defect or speciﬁc locomotive practices,
which may imply high levels of repetitive stress (e.g.
Trinkaus, 1986; O’Brien et al., 2003).
Some researchers have suggested that ﬂat-footedness
may increase the risk of metatarsal injury (e.g. Viladot
& Viladot, 1998; Ledoux & Hillstrom, 2002; Queen
et al., 2009). The increase of contact area and the
increase load beneath the medial portion of foot in
individuals with ﬂat feet might result in abnormal
loading of the adjacent ligaments and tendons (Ledoux
& Hillstrom, 2002; Sneyers et al., 1995 in Queen et al.,
2009; Williams III et al., 2001). However, the results
about a higher risk of fracture in individuals with ﬂat-
feet are not conclusive (Chuckpaiwong et al., 2008,
Queen et al., 2009), and so far, this conditions cannot
be identiﬁed in the H. antecessor remains (Pablos et al.,
2012). Thus, other factors such as poor bone quality
or strenuous physical activities should be also invoked
when investigating the cause of the stress fracture in
ATD6-124 (Queen et al., 2009).
Interestingly, a similar lesion was identiﬁed in a human
fourth metatarsal from the Atapuerca–Sima de los Huesos
Middle Pleistocene site (Gracia-Téllez et al., 2012). We
suggest that the lower limbs of Pleistocene species were
probably subject to high load demands and/or muscular
fatigue as it has been previously suggested for other
Pleistocene populations (e.g. Trinkaus, 1975, 1986).
It is believed that Neanderthal postcranial robustness,
particularly lower limbs, would respond to high levels
of activity demands (Trinkaus, 1975, 1986). In
addition, the musculoskeletal markers observed in
Neanderthal individuals might indicate stress due
Figure 6. Comparative X-ray images of callus formation in metatarsal stress fractures. Two modern individuals (a and c) and the case study ATD6-124
(b). (a) Source: Berger et al., 2007, http://rad.desk.nl/en/4615feaee7e0a. (c) Source: Peddie, 2012, http://sportsandchiropractic.net/2011/10/25/stress-
fractures-as-a-differential/
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to locomotion over hilly terrain (Trinkaus, 1986;
Gardner & Smith, 2006).
The origin of ATD6-124 fracture could be thus
related to strenuous, repetitive and long-time locomotive
practices, as these are common causes of stress fractures
(e.g. Nickerson, 1943; Anderson, 1990; Arangio et al.,
1998; Arndt et al., 2002; O’Brien et al., 2003).
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a b s t r a c t
Herewepresent a detailed palaeopathological study of thehomininmandibleD2600 recov-
ered at the Dmanisi site, Republic of Georgia. The Dmanisi assemblage represents the
earliest evidence of hominins outside Africa with an age of 1.8 Ma. D2600 is the holotype
of Homo georgicus species and its taxonomic assignment is still under debate. Our study
reveals severe and unusual dental wear accompanied of extensive root exposure and den-
tal axial migration, periapical abscesses and enamel fractures. In addition, there is evidence
of post-eruptive tooth rotation and temporomandibular arthropathy. We propose that the
wear pattern observed in this individual is related to a diet with a high intake of ﬁbrous
and abrasive foods such as fruits and plants, as it is usually recorded in chimpanzees and
gorillas and unlike the wear pattern observed in otherHomo specimens of our comparative
sample. The rounded occlusal surfaces and highly polished labio-lingual surfaces of D2600
anterior teeth could be mainly the consequence of pre- and/or para-masticatory activi-
ties such as gripping and stripping. This type of food would be also the origin of the highly
cupped occlusalmorphology of the posterior dentition in combinationwith relatively slight
approximal attrition.However, the lesionsexhibitedbyD2600havenot signiﬁcantly altered
the morphology of the mandible and do not prevent a proper taxonomic assessment.
© 2013 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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r é s u m é
Ici est présentée une étude paléopathologique détaillée de la mâchoire humaine D2600,
recueillie au site deDmanisi, en républiquedeGéorgie. L’assemblagedeDmanisi représente
la preuve la plus récente d’hominiens hors de l’Afrique ; il est daté de 1,8Ma. D2600est
l’holotype de l’espèce Homo georgicus, et son attribution taxonomique est encore débattue.
Notre étude révèle une usure sévère et inhabituelle, avec exposition extensive de la racine
et déplacement axial de la dent, abcès péri-apicaux et fractures de l’émail. En outre, il y a
rotationde ladent après l’éruptiondentaire et arthropathie temporo-maxillaire. Les auteurs
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proposent de relier le patron d’usure observé chez cet individu à son alimentation, avec
ingestion importante de nourriture ﬁbreuse et abrasive, tels que fruits et plantes, comme
on le rapporte couramment chez les chimpanzés et les gorilles, mais contrairement à ce
qu’indique le patron d’usure observé chez d’autres spécimens d’Homo de notre échantil-
lonnage de comparaison. Les surfaces occlusales arrondies et les surfaces labio-linguales
fortement polies des dents antérieures de D2600pourraient surtout être la conséquence
d’activités pré- ou para-masticatrices de saisie et d’arrachage. Ce type de nourriture serait
aussi à l’origine de la morphologie occlusale fortement évasée de la dentition postérieure,
combinée à une attrition relativement légèrement approximale. Cependant, les lésions
que présente D2600n’ont pas signiﬁcativement altéré la morphologie de la mâchoire et
n’empêchent pas l’appréciation taxonomique propre.
© 2013 Académie des sciences. Publié par Elsevier Masson SAS. Tous droits réservés.
1. Introduction
TheDmanisi site is located in theSouthof theRepublicof
Georgia. The excavation has yielded a rich sample of lithics,
hominins and faunal fossils dated to the Pleistocene period
(1.81–1.77 Ma) (Gabunia et al., 2000, Gabunia et al., 2002).
The hominin assemblage comprises cranial and post-
cranial remains of at least ﬁve individuals (Lordkipanidze
et al., 2007; Rightmire et al., 2006, 2008; Vekua et al.,
2002). The Dmanisi remains have been attributed to Homo
erectus (Gabunia and Vekua, 1995; Rightmire et al., 2006),
late H. erectus (Bräuer and Schultz, 1996); H. sp. indet. (aff.
ergaster; Rosas and Bermúdez de Castro, 1998), H. ex gr.
ergaster (Gabunia et al., 2000). According to Gabunia et al.
(2002), D2600 mandible presents distinctive morphologi-
cal characteristics, compared to those of Homo habilis and
H. erectus, leading to the naming of a new species, Homo
georgicus, of which D2600 is the holotype. However, the
taxonomic assignment of the complete fossil assemblage to
only one species has raised controversy (e.g., Gabunia et al.,
2002; Margvelashvili et al., 2013; Martinón-Torres et al.,
2008; Rightmire et al., 2008; Skinner et al., 2006). Morpho-
logical and metrical differences between D2600 individual
and the rest ofDmanisimandibles havebeen attributed to a
marked sexual dimorphism by some researchers (Gabunia
et al., 2002; Rightmire et al., 2008). However, other schol-
ars suggest that the metric and morphological analysis of
themandibular corpus and the teeth could evince the exis-
tence of two different species in the Dmanisi assemblage
(Martinón-Torres et al., 2008; Skinner et al., 2006). Further-
more, in a recent studyMargvelashvili et al. (2013) suggest
that thedentognathic pathologies are key factors in causing
themorphological variationwithin theDmanisi hypodigm.
Whether D2600 belongs to the same taxon as the rest of
the hominins is still under revision (e.g., Martinón-Torres
et al., 2008;Rightmireet al., 2008). The identiﬁcationof sev-
eral pathological processes in the D2600 mandible credits
a more detailed palaeopathological study of the speci-
men in order to evaluate if the dentognathic lesions have
signiﬁcantly altered the morphology of the mandibles as
stated by Margvelashvili et al. (2013). Additionally, this
studycouldprovidedietary, behavioural informationabout
this early hominin population. We conducted an anal-
ysis of the alveolar bone morphology and height, root
exposure, dental wear, enamel breakage and infectious
processes.
2. Material
The study was carried out on the original fossil at
the Georgian National Museum (Tbilisi). The D2600 speci-
men consists of a mandibular bone that presents fractures
principally at the mandibular rami. The mandible pre-
serves in situ all teeth except the right second premolar
(RP4), left ﬁrst molar (LM1) and second premolar (LP4)
(Fig. 1).
2.1. State of preservation
The mandibular body is almost complete except for
some fractures at the inferior border. Two fractures affect
the right and left rami. The fractures of the rami are both
oblique, follow an ascending direction and have caused the
loss of themandibular angle and themaseteric area. On the
right side the fracture begins at the location of theM1distal
root and ﬁnishes 30mm inferiorly to the condyle, and its
total length is 90mm.Moreover, the ramus exhibits crush-
ing on the lateral side of the outer table and the breakage of
themandibular notch (Fig. 1d). On the left side the fracture
has produced a greater bone loss than in the right side, and
the total length of the area affected is of 85mm. The break-
age starts at the distal root of the M2 and ﬁnishes 35mm
inferiorly to the articular surface of the condyle; it also
affects the mandibular notch and has produced the loss of
the coronoid process (Fig. 1b). Finally, there is aminor third
fracture that affects the left buccal aspect of themandibular
bone. The fracture at the LM2 and LM3 location, of approx-
imately 30mm, has caused the exposure of the M2 root
–17 mm– and the alveolar crest (AC) breakage at the M3
(Fig. 1).
The sharpness of the margins together with the lack
of bone remodelling indicates that all three fractures are
peri-postmortemand likely consequenceofdiageneticpro-
cesses.
Apart from these, the mandible presents a series of
abnormalities of pathological origin; and therefore, they
will be tackled in the following section.
3. Methods
The degree of wear (or wear category) was determined
following the eight-score system proposed by Molnar
(1971), basedon theamountofdentineexposure. Theplane
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Fig. 1. D2600 mandible. a) Occlusal view; b) Left side; c) Anterior view; d) Right side. Scale bar 4 cm.
Fig. 1. Mâchoire D2600. a) Vue occlusale ; b) Côté gauche ; c) Vue antérieure ; d) Côté droit. Barre d’échelle : 4 cm.
(or direction of the wear) was assessed from mesial and
buccal views and following the eight-grade category of
Molnar (1971). The occlusal morphology (occlusal surface
form) was classiﬁed following Molnar (1971). The degree
of dentine exposure onmesial and distal surfaces (approxi-
mal attrition facets)was scoredaccording to the four-degree
system developed by Hillson (2008).
We employed the deﬁnition and classiﬁcation of Dias
and Tyles (2007) for the assessment of periodontal cysts.
We measured the amount of root exposure, calculated
as the distance between the AC and cemento–enamel junc-
tion (CEJ). It was wrongly assumed that the increased
distance between the AC and the CEJ was exclusively
reﬂecting the occurrence of periodontal disease. On the
contrary, when the distance accompanies severe dental
wear it can be a sign of continuous eruption, especially
when there is lack of pathological signs (Clarke and Hirsch,
1991;Ogden, 2008a,b; TenCate, 1998). Continuous eruption
is one of the three physiological tooth movements recog-
nised to compensate for severe dental wear (e.g., Begg,
1954; d’Incau et al., 2012; Hylander, 1977; Kaifu et al.,
2003).
The identiﬁcation of periodontal disease in osteological
collections is justiﬁed by the appearance of morphological
changes in the alveolar bone crest (i.e., porosity, blunt-ﬂat
rim, ragged margin) and formation of a periodontal pocket
of funnel shape (>5mm) around the root. We applied
Ogden (2008a) score system to assess the evidence (scores
2–4) or lack of signs (score 1) of periodontal disease in the
alveolar bone.
Davies’ deﬁnition of fenestration and dehiscence
(Davies et al., 1974) was used to identify and classify the
openings observed in the alveolar process. Dehiscence is
characterised by “v” shape and the involvement of the
alveolar margin. On the contrary, fenestration displays a
quadrangular morphology and does not affect the alveolar
margin (Clarke and Hirsch, 1991; Hillson, 2008; Nimigean
et al., 2009; Rupprecht et al., 2001).
We used Pattersons’ (1984) classiﬁcation to distinguish
between two formsof enamel breakage: (a)minor chipping
and (b) major segments of enamel loss or fracture.
To determine the moment of occurrence –pre-mortem
vs.peri-mortem– it is important toanalyse themorphology
of the borders and the colouration of the fracture (Milner
and Larsen, 1991; Scott and Winn, 2011; Smith, 1984); for
this we followed Smiths’ (1984) criteria.
Tooth rotation is deﬁned as the toothmovement around
its long axis (Harris and Corruccini, 2008; Natsume et al.,
2006; Primozˇicˇ et al., 2012). To assess the degree of tooth
rotation (normal versus abnormal), we followed Natsume
et al. (2006). The angle of rotationwas calculated between:
(a) the line perpendicular to the lingual surface of the tooth
if this was in its correct position and (b) the line perpendic-
ular to the current lingual surface of the tooth (see Fig. 2).
Finally, and for comparative purposes, we performed a
paleopathological analysis of several original specimens,
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Fig. 2. D2600 mandible. a) Occlusal and medial view of left condyle; b) buccal view of incisors wear, approximal contact facets of RP3 and LP3 (white
arrows) and enamel chipping; c) Occlusal view of RP3 and LP3 rotation; d) Occlusal and medial view of right condyle.
Fig. 2. Mâchoire D2600. a) Vue occlusale et médiale du condyle gauche ; b) Vue buccale de l’usure des incisives, facettes de contact approximales de RP3et
LP3 (ﬂèches blanches) et éclats d’émail ; c) Vue occlusale de rotation de RP3et LP3 ; d) Vue occlusale et médiale du condyle droit.
belonging to different species that displayed severe dental
wear and dentognathic pathologies (Table 1).
4. Description of the ﬁndings
4.1. Dental wear
We used Molnar (1971) classiﬁcation to assess the
degree of dentalwear. Except for bothM3s, themandibular
teeth exhibit severe dental wear accompanied by substan-
tial secondarydentinedeposition (Table2 for the schematic
list of scores). The anterior teeth, and the RM1, RM2 and
LM2 exhibit complete or almost complete loss of enamel
and massive secondary dentine deposition (category 7
and 8). In premolars the enamel is limited to the crown
rim and there is extensive secondary dentine deposition
(category 6). The occlusal surface of the RM3 and LM3
presents ﬂat morphology and small dentine patches (cate-
gory 4).
Wear direction is substantially heterogeneous (Table 2).
We characterised the direction of wear from buccal and
mesial views. From buccal view, 9 teeth display oblique
direction. Within the oblique category, 5 (RI1, LI2, RM2,
LM2 and RM3) display a distal–mesial direction, whereas
mesial–distal direction is recorded in 4 teeth (RI2, RC,
LC, LP3). The second most recorded category is the hor-
izontal direction displayed by 3 teeth (LI1, RP3 and LM3).
Finally, roundedwearon themesial–distal direction, is only
recorded in 1 tooth (RM1). From mesial view, the oblique
direction is again the most recorded with 6 teeth. Of these,
RM2 and LM2display a buccal–lingual direction and RC, LC,
RP3 and LP3 exhibit a lingual–buccal direction. The second
most recorded category is rounded with a total of 4 teeth;
RI1, RI2, and LI2 follow buccal–lingual direction, and only
LI1 presents a mesial–distal direction. Horizontal direction
is only displayed by RM3 and LM3 (Fig. 1).
Regarding the occlusal surface form, we recorded two
morphologies (Table 2 and Fig. 1). The commonest is the
cupped, observed on the posterior dentition (except for the
RM1) and LC. It is characterised by a basin-dentine pattern,
either on the half or entire occlusal surface. The anterior
dentition and the RM1 present rounded morphology.
4.2. Approximal attrition
Hillson’s (2008) four-score system was employed to
assess the degree of approximal wear. As consequence of
the extreme wear, anterior teeth –with the exception of
the canines – lack contact with their neighbouring teeth.
The highest score (4) is recorded on both surfaces of the
four incisors and the RM1. However, RM2 and LM2 display
such severe pattern (score 4) only on the mesial surface of
the tooth crown. Only the RC –on both surfaces – and LP3
–on the distal surface– exhibited dentine exposure down
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Table 1
Comparative sample.
Tableau 1
Comparaison des échantillons.
Chronology Species Specimens Institution
Early Pleistocene H. sp ATE9-1 National Research Centre on Human Evolution,
Burgos
Middle Pleistocene H. heidelbergensis XXI Centro Mixto UCM-ISCIII de Evolución y
Comportamiento Humanos, Madrid
Upper Pleistocene H. neanderthalensis La Ferrassie Muséum Nacional d’Histoire Naturelle, Paris
La Chapelle Muséum Nacional d’Histoire Naturelle, Paris
La Quina 5 Muséum Nacional d’Histoire Naturelle, Paris
Tabun 1 National History Museum, London
Gibraltar 1 National History Museum, London
Middle Pleistocene Archaic Homo sapiens Broken Hill National History Museum, London
to the CEJ junction (score 3). Finally, the lowest score (1)
is recorded in LC, RM3 and LM3 (mesial surface) and on
RM2 (distal surface) where the wear facets are limited to
the enamel (Table 2 and Fig. 1).
4.3. Periodontal disease and root exposure
The outer table of the mandible presents severe dam-
age at the level of the RP4, LP3, LM1, LM2 and LM3 that
prevented us from scoring changes in the alveolar bone.
For the rest, we noted substantial degree of root exposure
and signs of periodontal disease in several teeth.
At the level of the RM3 (Fig. 1a and d), there is a
space of 2mm between the distal alveoli wall and the
tooth, and on its mesial aspect the alveolar rim is slightly
rolled and the lamina is thickened, characteristics that cor-
respond with mild periodontitis (score 2). The distance
between the LM3 (Fig. 1a) crown and the alveolar wall
is of 2mm, thus matching the criteria to assess moder-
ate periodontitis (score 3). Despite the bone damage at the
vicinity of the LP4 and LM1, there is evidence of patho-
logical processes (hyperlinkPALEVO747FIG0005Fig. 1b and
Fig. 3c). We were unable to obtain the exact dimensions
of the original lesion due to the post-mortem fracture;
the estimated measures are 11mm×10mm. The alveolar
bone at the buccal surface has suffered severe reces-
sion almost to the level of the mandibular foramen. In
addition, the LP4 alveolus present signs of remodelling
with rounded margins and thickening of the outer table
(Fig. 3c) that could indicate at least mild periodontitis
(score 2). The alveolar rim at the level of the RP3, RC,
RI2, LI2 presents a knife-shaped morphology and absence
of porous or thickening of the bone (score 1), classi-
ﬁed as lack of periodontal disease according to Ogden
(2008a,b).
The calculated distance between the AC and CEJ at the
location of the RP3, RC, RI2, LI2, and LC ranges from 5 to
10mm, leaving an extensive vertical root exposure (Figs.
1b–d and 3a).
4.4. Periodontal cysts
Asmentioned before, D2600 presents lytic lesions along
the mandibular corpus (Fig. 3). At the location of the RM1,
Table 2
Classiﬁcation of wear categories, wear direction, occlusal surface form and approximal attrition of D2600.
Tableau 2
Classiﬁcation des catégories d’usure, de direction d’usure, de forme de la surface occlusive et d’attrition approximale pour l’échantillon D2600.
Tooth Wear categorya Wear directiona Occlusal surface forma Approximal attritional facetb
Buccal view Mesial view Mesial Distal
R M3 4 5 6 3 1 –
R M2 7 5 3 4 4 1
R M1 8 8 7 6 4 4
R P3 6 6 2 4 1 1
R C, 7–8 4 2 6 3c 2–3d
R I2 8 4 7 6 4 4
R I1 8 5 7 6 4 4
L I1 8 6 8 6 4 4
L I2 8 5 7 6 4 4
L C, 7 4 2 3 1 1e
L P3 6 4 2 4 1 3
L M1
L M2 7 5 3 3 4 1
L M3 4 6 6 3 1 -
a Molnar (1971).
b Hillson (2008).
c at least degree 1.
d at least degree 2.
e due to the heavy attrition, this value is an estimation.
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Fig. 3. D2600 lytic lesions. a) Right view; b) Anterior view; c) Left view.
Fig. 3. Lésions lytiques de D2600. a) Vue droite ; b) Vue antérieure ; c) Vue gauche.
the osteoclast activity has created a 14mm×10mm lesion
of elliptical shape that leaves exposed thebucco-distal root,
and the apexes of the mesio-buccal root and of the lin-
gual root. Themargins of the lesion are rounded, especially
on its inferior border, and the external table is thickened
(Fig. 3a). The osteolytic lesion at the RI2 (10mm×8mm)
presents a circular morphology and displays rounded and
porous margins leaving the apex exposed. The lesion has
extended towards the inferior border of themandible leav-
ing the cancellous bone exposed (Fig. 3b). In addition to the
post-depositional fracture and the bone recession affecting
the region of LP4-LM1, at the level of the LM1mesial root on
occlusal view there is an osteolytic lesion (5mm×3mm)
that presents funnel-shape inner morphology and smooth
margins (Fig. 1a). Except for the last, all the lesions display
morphology and dimensions coincidentwith chronic cysts.
4.5. Tooth fracture
We identiﬁed ﬁve teeth –RM1, RC, RP3, LP3 and LM2–
with some amount of enamel breakage. Due to the degree
of enamel involvement, all are categorised as fractures
(see Patterson, 1984). RM1 suffered a breakage on its lin-
gual surface that affected the crown and both radicals,
causing signiﬁcant loss of enamel, cementum and dentine
tissues. We estimated a vertical root loss of 3mm in the
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mesio-lingual radical and of 6mm on the disto-lingual
radical. The remaining surface presents a polished and
rounded morphology (Figs. 1b, d and 2c) coincident with
a pre-mortem fracture. LP3 presents two enamel fractures
(Fig. 2b). The enamel on the mesial surface, posterior to
the approximal facet with the canine, presents a change of
colouration and sharpmargins indicative of a peri- or post-
mortem event. On the distal surface, the enamel breakages
are at the margins of the approximal facet. At the ante-
rior margin, the edges are sharp coincident with a peri- or
post-mortem fracture;whereas at the posteriormargin the
edges are polished, indicating a pre-mortem event. In the
RC,weobserved small breakage on the disto-buccalmargin
of the enamel rim and a breakage on the disto-lingual angle
of the crown (Fig. 2b). The RP3 presents enamel breakage
at the mesio-lingual surface of the crown, located pos-
terior to the contact facet with the canine (Fig. 2b). The
enamel breakage of the LM2 affects the bucco-distal sur-
face (Fig. 1b, d). The margins of these breakages (RC, RP3,
and LM2) exhibit sharp and straight morphology, lack of
polished surfaces and change in enamel colouration, sug-
gesting peri- or post-mortem events. In total, there are 2
pre-mortem and 5 peri- or post-mortem fractures.
4.6. Alveolar dehiscence and fenestrations
We recorded three dehiscences –RI1, LI1 and LP3– and
two fenestrations – LI2 and LC– that leave the buccal sur-
face of the roots denuded, either partially or in its totality
(Figs. 1b–d and 3). The root of RI1 is exposed 17mm from
the alveolar margin down to the apex. As for the LI1, the
root surface is exposed 10mm from the alveolar margin,
although it does not involve the apex. Themiddle 1/3 of the
LI2 and LC root are exposed due to a ﬂaking of 3 and 5mm
respectively. Finally, the mesial root of the LP3 is com-
pletely exposed (13mm) from the alveolar margin down
to the apex.
4.7. Tooth rotation
BothP3sexhibit signsofmesial rotation. RP3has rotated
90◦, whereas LP3 exhibits a lower value, approximately 80◦
(Fig. 2c). The anticlockwise movement is also evinced for
the formation of new contact facets on both enamel sur-
faces (Fig. 2b, c).
4.8. Degenerative joint disease
There are noticeable metric and morphological differ-
ences between the right and left mandibular condyles
(Fig. 2a, d). We obtained measurements on the right and
left condyles of 25mm and 25mm medial–lateral diam-
eter, and 9.5mm and 15mm antero-posterior diameter,
respectively. Morphologically, the articular surface of the
left condyle exhibits bone remodelling and porosity, loss of
curvature height on antero–posterior direction and expo-
sure of the cancellous bone on the lateral side (Fig. 2a, d).
All the signs identiﬁed on the left condyle, compared to the
right, are consistent with temporomandibular arthropathy
(TMJ).
4.9. Mandibular ramus lesion
There is a hole of 7mm×5mm located at the pterygoid
fovea of the right mandibular ramus (Figs. 1b, 2c and 3d).
Although the rims are eroded there are not porosity around
the margins, signs of remodelling or osteoblastic process.
5. Summary of the general pathology
In this individual, wear has proceeded to such an
extreme degree that no enamel is left on the occlusal
surfaces of the majority of teeth. The pulp chamber was
exposed and secondary dentine was then deposited to seal
the pulp chamber and allow chewing function. This seal-
ing process also helps to avoid pulpal infection but, at
least in two cases, the bacterial infection occurred. Bacte-
ria spread along the root canals, pulp undergoes necrosis
and the tooth becomes non-vital. The infective products
remain in the bone, creating a space-occupying lesion that
eventually drained the debris through the buccal surface
of the alveolar bone as it is thinner. This infective pro-
cess resulted in the cysts observed on the buccal surface
of D2600 mandibular bone at the location of the RM1 and
RI2. Infective agents would have also caused the periodon-
tal disease observed at some locations of the alveolar bone.
At the same time, teeth would have undergone continu-
ous eruption to compensate for the extreme dental wear.
Another consequence of the severe dental wear is the pre-
mortem enamel fractures as thinning of the enamel tissue
makes it more brittle and susceptible of fracture. In turn all
these processes would have enhanced the development of
the left condyle TMJ.
6. Discussion
The enamel morphology resultant from the wear
process can reﬂect dietary preferences and behavioural
patterns of hominin species (e.g., Fiorenza et al., 2011;
Hinton, 1981; Teaford andUngar, 2000; Ulhaas et al., 2007;
Ungar, 1994; Ungar and Grine, 1991). Extreme dental wear
can jeopardize the individual’s survival as it might lead
to poor nutritional intake, disease and eventually to death
(Elgart, 2010; Lovell, 1991). The degree and rate of enamel
wear highly depends on several factors such as occlusal
variation, environment or behavioural activities – pre- and
para-masticatory functions (Addy and Shellis, 2006).
Although Pontzer et al. (2011) concluded that there
were no signiﬁcant differences between the dietary habits
of the Dmanisi individuals and the African predecessors,
we have not found any specimen displaying a similar
wear pattern as that exhibited by D2600. All the individ-
uals of the comparative sample – Skull 5, Gibraltar 1, La
Ferrassie 1, La Chapelle – exhibit severe although similar
degree of dental wear among the dentition (Tables 3–8
and Fig. 4). We have found that the extreme and rounded
wear exhibited by D2600 anterior teeth would be similar
to that found in chimpanzees and humans in relation to
food preparation activities such as gripping and stripping
(e.g., Elgart, 2010; Ungar and Grine, 1991; Wolpoff, 1999).
Anterior teeth from chimpanzees exhibit signiﬁcant den-
tal wear compared with posterior teeth, most likely as a
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Fig. 4. Mesial drift of the anterior dentition in three fossil specimens. a) Individual XXI (H. heidelbergensis, Atapuerca); b) Tabun 1 (H. neanderthalensis,
Tabun); c) D2600 (H. georgicus, Dmanisi).
Fig. 4. Déviationmédialede ladentitionantérieuredans trois spécimens fossiles. IndividuXXI (H. heidelbergensis. Atapuerca; b) Tabun1 (H. neanderthalensis,
Tabun); c) D2600 (H. georgicus, Dmanisi).
consequence of foodpreparation activity (Dean et al., 1992;
Elgart, 2010; Lovell, 1991; Morgan and Sanz, 2006). We
believe that the unbalanced degree of wear between the
anterior and posterior dentition is similar to that found in
D2600. When severe wear reduces teeth to stumps, these
are unable to process food and longer chewing process is
required (Elgart, 2010). Thus, the polished appearance of
the anterior dentition is more likely due to food prepara-
tion activities and prolonged mulling. The posterior wear
pattern in D2600 is characterised by dentine basin and
Table 3
Classiﬁcation of wear categories, wear direction, occlusal surface form and approximal attrition of ATE9-1 (Homo sp.).
Tableau 3
Classiﬁcation des catégories d’usure, de direction d’usure, de forme de la surface occlusive et d’attrition approximale pour l’échantillon ATE9-1(Homo sp.).
Tooth Wear categorya Wear directiona Occlusal surface forma Approximal attritional facetb
Buccal view Mesial view Mesial Distal
RI2 7 2 4 2 3 3
RC, 7 4 4 2 2 2
LC, 7 4 4 – – 2
LP4 5 4 4 3 1 1
–: data could not be recorded.
a : Molnar (1971); b: Hillson (2008).
C H A P T E R 
95
L. Martín-Francés et al. / C. R. Palevol 13 (2014) 189–203 197
Table 4
Classiﬁcation of wear categories, wear direction, occlusal surface form and approximal attrition of La Chapelle-aux-Saints (Homo neanderthalensis).
Tableau 4
Classiﬁcation des catégories d’usure, de direction d’usure, de forme de la surface occlusive et d’attrition approximale pour l’échantillon de La Chapelle-aux-
Saints (Homo neanderthalensis).
Tooth Wear categorya Wear directiona Occlusal surface forma Approximal attritional facetb
Buccal view Mesial view Mesial Distal
RP4 8 8 8 6 4 4
RM3 5 6 1 1 1
LP3 7 4 2 2 4 4
a Molnar (1971)
b Hillson (2008).
enamel rim, except for both M3s. The unusual wear gradi-
ent between the M3 with regard to the M1 and M2 cannot
solely be attributed to the difference in eruption times
as it has not been recorded in any of the individuals of
the comparative sample, which include also individuals of
younger age than D2600. We suggest that the wear pat-
tern of the posterior dentition would be similar to that of
folivorous species, in particular to gorillas, and resemble
that of Paranthropus. This type of food is more abrasive
because of the phytolits contained and the dust or soil
particles adhered to the food (Elgart, 2010). Due to this
typeof food, gorillas exhibit extremeposterior dentalwear.
Gorillas, as ruminants, exhibit a rapid molar wear that cre-
ates a central dentine basin and the remaining enamel
would act as cutting blades (Fig. 5). This pattern is thought
to beneﬁt the ingestion of folivorous diets (Dean et al.,
1992; Elgart, 2010; Lovell, 1991; Lucas, 2004; Morgan and
Sanz, 2006). According to Ulhaas et al. (2007) the pattern of
molarwear recorded inParanthropus– rapidenamel reduc-
tion and sharp edges– would result from a long chewing
Table 5
Classiﬁcation of wear categories, wear direction, occlusal surface form and approximal attrition of La Ferrassie 1 (Homo neanderthalensis).
Tableau 5
Classiﬁcation des catégories d’usure, de direction d’usure, de forme de la surface occlusive et d’attrition approximale pour l’échantillon de la Ferrassie 1
(Homo neanderthalensis).
Tooth Wear categorya Wear directiona Occlusal surface forma Approximal attritional facetb
Buccal view Mesial view Mesial Distal
RM3 7 6 6 2 4
RM2 7 6 3 3 2* 4
RM1 8 4 6 6 4 4
RP4 8 6 6 2 4 4
RP3 8 5 2 2 4 4
RC’ 8 4 3 3–4 4 4
RI2 8 4 3 3–4 4 4
RI1 7 4 3 2 4 4
LI1 7 5 3 3–4 4 4
LI2 7 6 3 3–4 4 4
LC’ 8 6 3 3 4 4
LP3 8 5 6 3 4 4
LP4 8 4 3 3 4 4
LM1 8 4 6 3 4 3*
LM2 7 5 3 3 3* 2*
LM3 5 5 3 3 2*
RM3 7 4 2 2 3*
RM2 7 4 2 2 4 4
RM1 7 4 6 2 4 4
RP4 8 5 6 2 4 4
RP3 8 5–6 6 2 4 4
RC, 8 4 7 2–6 4 4
RI2 8 4 7 6 4 4
RI1 8 4 7 6 4 4
LI1 8 4 7 6 4 4
LI2 8 4 2–7 2 4 4
LC, 8 6 6 3 4 4
LP3 8 6 6 2 4 4
LP4 8 6 2–7 6 4 4
LM1 8 2–8 2 3 4 4
LM2 8 2–8 6 2 4 4
LM3 7 4 2 2 4
*due to tooth contact, we provide an approximate score based on the thinning of the enamel rim on occlusal view.
a Molnar (1971).
b Hillson (2008).
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Table 6
Classiﬁcation of wear categories, wear direction, occlusal surface form and approximal attrition of La Quina (Homo neanderthalensis).
Tableau 6
Classiﬁcation des catégories d’usure, de direction d’usure, de forme de la surface occlusive et d’attrition approximale pour l’échantillon de La Quina (Homo
neanderthalensis).
Tooth Wear categorya Wear directiona Occlusal surface forma Approximal attritional facetb
Buccal view Mesial view Mesial Distal
RM3 4 6 2 2 1*
RM2 4 5 2 2 1* 1*
RM1 5 4 3 3 1* 1*
RP4 3 4 2 2 1* 1*
RP3 3 4 2 2 1* 1*
RC’ 5 6 2 2 1 1*
RI2 – – – – 2 1*
RI1 6 6 6 2 1 1
LI2 6 6 2 2 1 1*
LC’ 5 6 2 2 1* 1*
LP3 3 6 2 2 1* 1*
LP4 3 4 2 2 1* 1*
LM1 5 4 2 3 1* 1*
LM2 4 6 6 2 1* 1*
LM3 4 6 6 2 1*
RM3 5 5 3 2 –
RM2 5 6 3 3 1* 1*
RM1 5 6 3 3 1* 1*
RP4 4 6 6 1 1* 1*
RP3 4 4 2 1 1 1*
LC, 5 6 2 2 2 1*
LP3 4 6 2 1 1* 1*
LP4 4 6 3 2 1* 1*
LM1 5 6 3 3 1* 1*
LM2 4 6 3 3 1* 1*
LM3 3 6 6 2 1*
*due to tooth contact, we provide an approximate score based on the thinning of the enamel rim on occlusal view.
a : Molnar (1971).
b Hillson (2008).
process of tough foods, such as tubers, that would include
soil particles.
In great apes, hominins and modern humans severe
wear has been shown to lead to dental migration and dis-
ease (e.g., Cousins, 1988; Crovella and Ardito, 1994; Dean
et al., 1992; Kaifu et al., 2003). Continuous eruption is an
adaptivemechanism associated to enamelwear thatmain-
tains and enables efﬁcient masticatory function through
life. It is evinced by the increased distance between the
AC and the CEJ, particularly in absence of pathological
signs, and the preservation of the alveolar crest height
(e.g., d’Incau et al., 2012; Kaifu et al., 2003; Levers and
Darling, 1983). In their study, Dean et al. (1992) recorded
lack of generalised periodontal disease and an AC-CEJ dis-
tance between 3 and 8mm in the mandibular bones of
great apes. The authors concluded that continuous eruption
would be the most likely cause for the recorded distance.
Similar results have been reported for hominins and mod-
ern humans (e.g., Hylander, 1977; Martinón-Torres et al.,
2011; Whittaker et al., 1990). Thus, our results would also
suggest continuous eruption as the likely cause of the tooth
extrusion in those locations –RP3, RC, RI2, LI2, LC– where
no signs of infection such as periodontal disease or peri-
odontal cysts were recorded. However, despite the lack
of generalised periodontal disease, this individual would
haveprobably suffered recurrent inﬂammationof thegums
(gingivitis) as it normally occurs together with periodon-
tal disease. Approximal attrition is a process resulting from
the forces generated during mastication; individuals with
stronger or more frequent bites forces show higher rates
of approximal wear (Galbany et al., 2010; Smith, 2011). In
turn, mesial drift compensates for this enamel loss (e.g.,
d’Incau et al., 2012; Kaifu et al., 2003; Ten Cate, 1998).
Fayad et al. (2004) concluded that M1 and M2 are more
mesially inclined in those individuals with an erupting
or fully erupted M3. This anterior migration has been
recorded in baboons (Galbany et al., 2010) and humans
[e.g., Homo ﬂoresiensis (Jungers and Kaifu, 2011)]. Com-
pared to our Homo heidelbergensis –Sima de los Huesos–
andNeanderthal – Tabun 1, La Quina and Ferrassie 1– sam-
ples (Fig. 4), and the two younger specimens of Dmanisi
–D2735 and D211– Margvelashvili et al. (2013) Figs. 2, S3
and S4], D2600 displays a minimum or even null mesial
drift in relation to the severe dental wear. Thus, we suggest
that this lackof anteriormigrationof posterior teeth cannot
be related to eruption timing; otherwise it could indicate
that the wear process was too rapid to enable the mesial
drift response.
Fenestrations anddehiscence canbe the consequence of
excessive occlusal forces, thin alveolar bone or tooth mis-
alignment (Nimigean et al., 2009; Rupprecht et al., 2001).
This condition is fairly common inmaxillary bones of goril-
las, although less common in chimpanzees (Dean et al.,
1992). The bulky appearance of D2600 roots together with
the thin alveolar and advanced wear could be probable
causes for the fenestrated and dehiscenced roots. In the
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Table 7
Wear categories; wear direction, occlusal surface form and approximal facets of Tabun 1 (Homo neanderthalensis).
Tableau 7
Catégories d’usure, de direction d’usure, de forme de la surface occlusive et de facettes approximale pour l’échantillon de Tabun 1 (Homo neanderthalensis).
Tooth Wear categorya Wear directiona Occlusal surface forma Approximal attritional facetb
Buccal view Mesial view Mesial Distal
RM2 3 2 6 1 1* 1
RM1 4–5 2 6 1 1* 1
RP4 3 2 4 2 1* 1*
RP3 4 2 6 2 1* 1*
RC’ 5 2 6 2 1* 1*
RI2 – – – – – –
RI1 6 2 6 2 2* 1
LI1 6 2 6 2 2* 2*
LI2 6 2 6 2 2* 2*
LC’ 5 2 6 2 – 1
LP3 – – – – – –
LP4 2–3 2 6 1 1 1
LM1 3 2 5 1 2 2
LM2 2–3 2 6 1 1* 1*
LM3 2 2 6 1 1*
RM3 2 3 6 1 1*
RM2 4 3 6 1 1* 2*
RM1 5 3 4 1 2* 1*
RP4 3 6 6 2 3* 3*
RP3 3–4 6 4 2 1* 3*
RC, 5–6 6 4 2 2* 1*
RI2 5–6 6 6 2 3–4* 3*
RI1 6 6 6 2 3–4* 3–4*
LI1 6 6 6 2 3–4* 3–4*
LI2 5–6 6 6 2 3–4* 3*
LC, 5–6 6 4 2 2* 1*
LP3 3–4 6 6 2 1* 2*
LP4 3 6 6 2 3* 3*
LM1 4–5 3 6 2 1* 2*
LM2 3 3 6 2 2* 1*
LM3 2 3 5 1 1*
*due to tooth contact, we provide an approximate score based on the thinning of the enamel rim on occlusal view.
a Molnar (1971).
b Hillson (2008).
case of RI1, infectious process is themost likely cause since
a major cyst is affecting the RI2 vicinity. However, future
studieswith CT images of the specimen can help to support
or disregard this claim.
Dental wear is the primary cause for the development
of periodontal abscess, although tooth fracture can also be
a likely cause (e.g., Gracia-Téllez et al., 2013; Lebel and
Trinkaus, 2002; Legge, 2012; Lovell, 1991; Tappen, 1985).
Table 8
Classiﬁcation of wear categories, wear direction, occlusal surface form and approximal attrition of Broken Hill (archaic Homo sapiens).
Tableau 8
Classiﬁcation des catégories d’usure, de direction d’usure, de forme de la surface occlusive et d’attrition approximale pour l’échantillon de Broken Hill
(Homo sapiens archaïque).
Tooth Wear categorya Wear directiona Occlusal surface forma Approximal attritional facetb
Buccal view Mesial view Mesial Distal
RM3 – – – – –
RM2 2–3 2 4 – 2 –
RM1 2–3 2 4 – – –
RI1 7 2 6 1 4 4
LI1 7 2 6 1 4 4
LI2 7 2 5 1 4 –
LC’ 6 2 5 2 – –
LP3 6–7 2 4 – – –
LM2 2–3 2 4 – – –
LM3 2–3 2 6 3 –
–: data could not be recorded due to the damage of the tooth crowns.
a Molnar (1971).
b Hillson (2008).
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Fig. 5. Occlusal wear of an herbivore molar (a) and the RP3 (b) and RM1
(c) of D2600 (credits for a): D. Arceredillo-Alonso).
Fig. 5. Usure occlusale d’unemolaire d’herbivore (a) et RP3 (b) et RM1 (c)
de D2600 (autorisation pour a) : D. Arceredillo-Alonso).
Pulp infection produces necrosis and the tooth becomes
non vital. If it persists, this will result in bone destruction
and a probable ante-mortem tooth loss (ATL) (e.g., Dias
and Tayles, 1997; Ogden, 2008a,b). Our results for RM1 and
RI2 would suggest dental wear in relation to a ﬁbrous and
abrasive diet for the abscess formation. The bone resorp-
tion at the vicinity of the LP4-LM1 was more likely caused
by an infectious episode such as an abscess. However, we
cannot ascertain if the bone resorption would have caused
ATL, since the posterior table preserves its height and the
teeth could be yet in place held by soft tissues. In dis-
agreement with Margvelashvili et al. (2013), we believe
that D2600 bone resorption differs from that of the D3900
since edentulous individuals exhibit bone resorption all
the way down to the mental foramen on both the buc-
cal and the lingual surfaces (Cawood and Howell, 1988)
as seen in La Chapelle (personal observation). However,
in D2600 the height of the lingual crest is preserved. In
their study, Lordkipanidze et al., 2005 do not suggest an
aetiology for the ATL and the extensive bone resorption
of D3900 and D3444. According to Dias and Tyles (1997),
chronic periodontal disease produces the loss of bone from
the alveolar margin, in contrast to the apical resorption in
periodontal cysts. Thus, chronic periodontal disease can
be suggested as a probable cause of the D3900/D3444
ATL.
Two factors are considered to cause enamel fractures:
severe wear and the use of teeth in para- and/or pre-
masticatory activities (Constantino et al., 2010; Scott and
Winn, 2011). The thinning of the tissue would be more
prone to breakage during the mastication of abrasive and
ﬁbrous foods with adhered soil particles and during para-
and/or pre-masticatory activities.
Higher tooth rotation than 30◦ is considered to be
abnormal; authors refer to genetic and environmental
factors –missing teeth, infection or food impaction– as
the causes (Harris and Corruccini, 2008; Natsume et al.,
2006; Primozˇicˇ et al., 2012). Contrary to the genetic cause
suggested for the maxillary rotation of LP4 from D2700
individual (Martinón-Torreset al., 2008), LP4 fromAragó21
(Smith, 1977) and bilateral P4s of LB1 (Brown et al., 2004),
we believe thatD2600bilateral tooth rotationwould be the
consequence of environmental factors in order to enable
masticatory function.
Severemalocclusion, related to severewear and/or con-
tinuous eruption, and/or ATL are factors that damage the
stable “centric” occlusal position of the mandible causing
irregular loop-shaped chewing movements. This mastica-
tory malfunction with time will develop in osteoarthritis
of the mandibular condyles (Langsjoen, 1998; LeResche,
1997). The left mandibular condyle of D2600 presented
the characteristic signs of TMJ. There is a likely correla-
tion between extreme dental wear, continuous eruption,
tooth rotation and possibly ATL and the development of
TMJ inD2600 individual. Factors also observed in other fos-
sil individuals such as Skull 5 (Gracia-Téllez et al., 2013), La
Chapelle (Tappen, 1985) and La Ferrassie (Wallace, 1975).
The hole seen at the right ramus is located at the ptery-
goid fovea. It bears the part of the lateral pterygoid muscle,
a guiding muscle of the mandibular joint (Platzer, 2004).
Studies found an association between the lateral ptery-
goidmuscle and TMJ disorder (McNeill et al., 1990; Murray
et al., 2001). We believe that the loss of bone at D2600
right ramus is more likely due to diagenetic processes,
since there is no sign of TMJ in the right condyle, and
muscle disorders (hypertrophy, atrophy or contracture) do
not enhance osteoclastic activity, otherwise blastic activity
(Yang, 2002).
Despite all these pathological processes, there is evi-
dence of the chronicity of the lesions, thus implying the
survival of the individual for a certain period of time. Other
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hominins with pervasive dento-gnathic lesions such as
ATE9-1 from Atapuerca-Sima de Elefante site (Martinón-
Torres et al., 2011), La Chapelle-aux-Saints (Tappen, 1985;
Trinkaus, 1985) and D3900/D3444 (Lordkipanidze et al.,
2005) have also shown signs of endurance. The question
arising is if collaboration within the group was necessary
for the survival of these individuals (e.g., DeGusta, 2003;
Gracia et al., 2009).
Interestingly, despite the severity of the pathologi-
cal processes observed in D2600, the morphology of the
mandible has not been signiﬁcantly altered because the
alveolar crest was minimally remodelled. According to
Margvelashvili et al. (2013), in keepingwith compensatory
eruption of the teeth, both the corpus and the symph-
ysis of D2600would have increased their height. However,
compensatory eruption produces the protrusion of teeth
through theaxialmovementof thedentalpieces, hyperpro-
duction of cementum and/or remodellation of the socket,
but not by increasing the alveolar crest height (e.g., Kaifu
et al., 2003; Levers and Darling, 1983; Ogden, 2008a,b; Ten
Cate, 1998; Whittaker et al., 1990). On the contrary, most
of the compensatory mechanisms related with occlusal
adaptation provoke remodellation of the alveolar rim by
reducing (but not increasing) its height, such as compen-
satory receding bone (Clarke and Hirsch, 1991; Hillson,
2008). Finally, it is generally accepted that alveolar bone
heights show no signiﬁcant change (or a slight increase if
any) with wear or age during adulthood (e.g., Hylander,
1977; Kaifu et al., 2003; Levers andDarling, 1983; Newman
and Levers, 1979; Tallgren and Solow, 1991; Whittaker
et al., 1990), and never at such degree as observed within
the Dmanisi mandibles. Thus, our study would not be in
support of attributing the mandibular shape differences to
the dental pathologies and/or their compensatory mecha-
nisms as stated by Margvelashvili et al. (2013). In addition,
and despite the greater degree of wear, we have not
observed mesial drift in D2600 compared to the younger
D2735 and D211. Finally, we do not agree that the ATL and
bone resorption recorded in D3900/D3444 is the same as
the recorded in D2600 since the lingual wall is preserved.
As pointed out by Cawood and Howell (1988), in edentu-
lous individuals we should expect alveolar resorption on
both surfaces –buccal and lingual – down to the mental
foramen and unlike D2600.
7. Conclusions
The study of the mandibular bone D2600 belonging
to H. georgicus from Dmanisi (Georgia) revealed severe
and extensive wear that enhanced other pathological
processes. Thus, in relation to thewear process we identify
signs of dental compensation (axial movement), tooth
rotation, enamel fractures, and degenerative and infec-
tious processes. We hypothesize that the principal and
primary cause of the type and degree of dental wear of
the D2600, similar to that of chimpanzees and gorillas,
would be the intake of abrasive and ﬁbrous foods such as
plants and fruits. These dietary habits require pre-/para-
masticatory preparation, such as gripping and stripping
that is reﬂected in the wear pattern of the anterior den-
tition. Moreover, this food would also be the origin of
the wear pattern observed in the posterior dentition. It is
difﬁcult to ascertain the chronology of the events, since
some of the identiﬁed signs are cause and consequence
of the same pathological process. This study contributes
to increase the knowledge about pathological record and
the state of hominins health during Pleistocene. Finally,
we believe that despite the lesions, the morphology of the
mandible was not signiﬁcantly altered. So pathological
changes cannot be invoked as the mechanism explaining
the particular morphology of D2600.
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Abstract
The description of a new skull (D4500) from the Dmanisi site (Republic of Georgia) has reopened the debate about the
morphological variability within the genus Homo. The new skull fits with a mandible (D2600) often referred as ‘big’ or
‘enigmatic’ because of its differences with the other Dmanisi mandibles (D211 and D2735). In this report we present a
comparative study of the variability of the Dmanisi mandibles under a different perspective, as we focus in morphological
aspects related to growth and development. We have followed the notion of modularity and phenotypic integration in
order to understand the architectural differences observed within the sample. Our study reveals remarkable shape
differences between D2600 and the other two mandibles, that are established early in the ontogeny (during childhood or
even before) and that do not depend on size or sexual dimorphism. In addition, D2600 exhibits a mosaic of primitive and
derived features regarding the Homo clade, which is absent in D211 and D2735. This mosaic expression is related to the
location of the features and can be explained under the concept of modularity. Our study would support the possibility of
two different paleodemes represented at the Dmanisi site. This hypothesis has been previously rejected on the basis that all
the individuals were constrained in the same stratigraphic and taphonomic settings. However, our revision of the complex
Dmanisi stratigraphy suggests that the accumulation could cover an undetermined period of time. Even if ‘‘short’’ in
geological terms, the hominin accumulation was not necessarily synchronic. In the same line we discard that the differences
between D2600 and the small mandibles are consequence of wear-related dentoalveolar remodeling. In addition, dental
wear pattern of D2600 could suggest an adaptation to a different ecological niche than the other Dmanisi individuals.
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Introduction
The Pleistocene site of Dmanisi, in the south-eastern region of
the Republic of Georgia, has yielded an impressive hominin fossil
assemblage that dates back to 1.81–1.77 million years ago (Ma)
[1–3]. The new evidence from Dmanisi has opened new
perspectives for understanding the nature of the first Eurasian
human settlers, and it has provided an important amount of data
for a reassessment of the origin and evolution of the genus Homo
[1], [4–11]. The Dmanisi hominins have been attributed to H.
erectus [1], [11], [12], late H. erectus [13], H. sp. indet (aff. ergaster)
[14], H. ex gr. ergaster [4], H. georgicus [15] and H. erectus ergaster
georgicus [11]. The attribution to H. georgicus was based on the size
and shape of one of the mandibles, D2600, found in 2000
(Figure 1a). This specimen is considerably larger than the other
mandibles recovered from the site (D211 and D2735), and fits with
a newly described skull (D4500) [11]. Under the light of the new
fossil, also called skull 5, Lordkipanidze et al. [11] consider that
the variability of the Dmanisi hypodigm can be accommodated in
a single evolving lineage, which they identify with the taxon H.
erectus. In this context, the Dmanisi population is formally
designated as H. erectus ergaster georgicus.
Most researchers have acknowledged the high degree of
morphological variability within the Dmanisi hypodigm, although
their interpretations differ. Gabunia et al. [15] suggested that the
variability could be explained by a marked sexual dimorphism.
However, using the height and breadth of the mandibular corpus,
Skinner et al. [16] compared the size and shape of D2600 and
D211 and concluded that the pattern of variation did not resemble
that of any living hominoid and was significantly larger than that
of modern human populations. For Skinner et al. [16] the
presence of a second hominin species in Dmanisi, represented
by D2600, should be considered. The dental morphometric study
also opens the possibility to the presence of two different
populations at the Dmanisi site [10]. Rightmire and colleagues
[12] also made comments about the ‘‘large and somewhat
enigmatic individual documented by the D2600 mandible’’, but
rejected the hypothesis of two populations claiming that preser-
vation of the mandibles was not good enough for this assessment
[17]. However, they also recognized that if they belong to the same
taxon, Dmanisi hominins would have a sexual dimorphism greater
than that observed in modern humans and chimpanzees, and that
the degree of intrapopulational variability would be similar to that
of gorillas [17]. Also, according to these authors, it could be that
the Dmanisi populations represent a novel dental and morpho-
genetic variation within the genus Homo. There are also claims
[17], [18] that pathologies might have obscured features that could
be taxonomically informative and that D2600 would have
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increased its size due to continuous growth because of age and as a
response to a severe dental wear. The last study on the Dmanisi
variability has been published by Lorkipanidze et al. [11]. These
authors conclude that craniomandibular shape variation in the
Dmanisi hypodigm is congruent with patterns and ranges of
variation found in two chimpanzees species (Pan troglodytes and P.
paniscus), as well as in a contemporary H. sapiens. According to
Lordkipanidze and his team, the large variability exhibited by the
Dmanisi hominins would lessen the differences that have been so
far used to identify species such as H. habilis, H. rudolfensis, H.
ergaster or H. erectus in the fossil record. All of these would thus
belong to the same species, representing regional variants of a
single Homo lineage that would have inhabited the Eurasian and
African continents during a considerable large period [11].
Since the metric comparative study of the Dmanisi mandibles
has been published before [16], [17], [19], this contribution is
aimed to revise the morphology of the Dmanisi mandibular
sample (excluding the toothless mandible D3900 which is
significantly remodeled) from a different perspective. Beyond
classic morphometric studies, we approach the Dmanisi mandibles
considering that their architecture is the result of the develop-
mental processes that occurred during the growth of the mandible.
The understanding of these processes could help to explain the
presence of some ‘enigmatic’ mandibular features and the
variation observed in the Dmanisi sample. This study also wishes
to contribute to the debate about the possibility of more than one
hominin lineage represented in the Dmanisi hypodigm, a
discussion that cannot be considered solved only because all the
fossils have been found allegedly in the same level. The Dmanisi
Figure 1. Lateral view of two Dmanisi mandibles. On top the D 2600 mandible (a), also referred as the ‘‘big mandible’’, and below the D2735
mandible (b). Photo courtesy of D. Lordkipanidze.
doi:10.1371/journal.pone.0088212.g001
Variability of Dmanisi Mandibles
PLOS ONE | www.plosone.org 2 February 2014 | Volume 9 | Issue 2 | e88212
C H A P T E R 
105
sample is too important to understand the origin and first stages of
the genus Homo and the debate must continue.
Previous conceptual considerations
Modularity and phenotypic integration. There are al-
ready several morphometric comparisons of the Dmanisi mandi-
bles [12], [13], [15], [17]. Although we also compare some
metrical and morphological features, our analysis is focused on a
different perspective, taking into consideration aspects related to
growth and development. Thus, the present analysis has been
conceived under the notion of modularity, that is, ‘‘the division of
biological structures, development, and physiology into standard-
ized and repeatable units’’, p. 116 of [20]. Every module could
make none, one, or multiple functional roles [20]. The concept of
modularity is essential in studies about complexity and phenotypic
integration [21], [22], and can give a sound explanation to mosaic
evolutionary patterns [23]. For instance, some studies support the
notion that the corpus and ramus represent different develop-
mental modules [24], [25].
We have some recent examples of the success on the application
of these concepts to hominin evolution. Gonza´lez Jose´ and
colleagues [26] made a study of the craniofacial complex in
hominins under the assumption that functional and developmental
integration leads to co-inheritance of the character complexes
(modules), which are thus constrained to evolve in a coordinated
fashion. This approach circumvents the difficulties arisen when we
use discrete features in cladistic analyses at a lower taxonomical
level [26]. These authors have considered only four craniofacial
modules; each one including some presumably correlated
variables. Their cladistic analysis of a large sample of hominins
found that the subadult cranium D2700 from Dmanisi was
associated with the clade formed by H. erectus and H. ergaster.
Polanski [27] concludes that the human mandible follows the
same mammalian pattern of mandibular integration than other
primates. This author has analyzed the morphological integration
of the mandible in a longitudinal study of modern humans from
the age of four to adulthood. Using some variables taken on
radiographs and representing different regions of the mandible,
Polanski [27] has found that the ascending ramus and the
nonalveolar portion of the corpus remain integrated throughout
ontogeny, with the weakest integration corresponding to the
anterior corpus height. In contrast, the alveolar region of the
corpus is dynamic, becoming modularized (non-integrated) during
ontogeny, thus reflecting the need for space for the developing
dentition. Some level of integration of this part of the mandible
with other regions occurs during the adulthood. Other studies,
which will be considered in other sections, have also used the
concept of modularity to assess mandibular morphological
variation [28], [29]. Of course, mandibular growth coordination
(integration) between the different parts is essential for a correct
biomechanical function. Furthermore, as it has been proposed by
van Limborgh [30], genetic factors may also play an important
role in growth and development, and it is well-known that there
are a number of genetically encoded regulatory factors (like growth
factors and homeobox genes), which can affect the morphogenesis
of the craniofacial complex [31], [32].
The mandible as a set of integrated units. Although the
mandible could be considered as an entity as such, it has been
demonstrated that there is not necessarily a relationship among the
size, shape, or position of the different parts of this skeletal unit,
namely alveolar, basal, coronoid, angular, and condylar units [33],
between corpus and ramus [34], [35], and even between the
anterior and posterior portions of the dental arch [36]. The latter
is in accordance with previous observations about the independent
evolution of anterior and posterior dentitions [37], [38]. The
reason for the relative independence between these parts of the
mandible would rely on the fact that they accomplish different
functions and thus, they can develop and evolve independently
[36]. The growth of the alveolar component of the corpus appears
to be clearly influenced by spatial requirements for housing the
developing dentition, as well as for a correct occlusion with the
maxillary dentition. Furthermore, the growth of the corpus is
directly related to the growth of the nasomaxillary complex [39],
[40], whereas the rami have a direct interplay with the pharyngeal
space and middle cranial fossa [40], [41]. The shape of the
coronoid process, which is very variable in the hominin fossil
record, is influenced by the strength of the temporalis muscle,
whereas the growth of the condyle and associated regions are
strongly conditioned by their role in the articulation of the
mandible with the temporal bone. In sum, the mandible can be
considered as a set of relatively independent morphological units,
whose development and evolution adapt to a particular architec-
ture [42]. Furthermore, the morphology of the mandible, as the
skeletal unity of a functional matrix, depends on some factors
related to the craniofacial development [43]. The architectural
structure of the mandible is the result of the interaction between its
different components and between them and the craniofacial
complex. Bone remodeling by resorption and deposition allows the
relocation of a particular skeletal unity (such as the mandible and
its different components) into its functional matrix [33].
The mandible includes two basic functional components, the
corpus and the ramus. As we stated above, the mandibular corpus
is influenced by spatial requirements for housing the developing
dentition, and it is also a direct counterpart of the maxillary corpus
in order to achieve a correct occlusion with the maxillary
dentition. The ramus is related to the pharyngeal space and the
middle cranial fossa, and his main function is to connect the
corpus with the cranium by means of its articulation with the
temporal bone. Moreover, there are several micro skeletal units
form the mandible such as alveolar, coronoid, ramus or symphysis
among others, and each of them is subjected to different genetic
and environmental influences. The growth of the mandible and
the alignment of its different components can be understood in the
field of the growth of the soft tissues [44], [45].
In modern humans it has been demonstrated that the mandible
grows in a downward and forward direction via posterior growth
and anterior displacement [46]. Furthermore, the mandible suffers
anterior and posterior rotations over the course of growth [47].
The anatomical features we observe in the dry bone are indeed the
reflection of all these processes. Specific morphological features
reflect a specific pattern of growth and development [48].
Obviously, the mandible of australopitecines, for instance, is
different to that of modern humans, since we have a different
morphogenetic growth. A review of the genetic factors involved in
the mandibular growth and morphogenesis can be found in [49].
Summarizing, the spatial arrangement of the different mandibular
parts is the result of a strong genetic and functional influence and
reflect specific developmental patterns. Thus, we will pay a
particular attention to the architectural relationship between the
corpus and the ramus in our mandibular sample.
Materials and Methods
The dmanisi specimens
In this study we include the first mandible recovered the
Dmanisi site, D211, the mandible D2735 (Figure 1b) that fits with
the cranium D 2700 and the mandible D2600 (Figure 1a), which
fits with the cranium D4500. Although D2735 belongs to a
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subadult, the upper M3 of D2700 completed gingival eruption and
was close to occlusion. We are aware that a possible criticism to
this study might the inclusion of D2735 as it belongs to a subadult
individual and some parts may have not reached its adult shape.
However, as we will explain below the variables we are focusing in
are not affected by its age. It has been shown that early in
ontogeny, when dental development is still in progress, the
differences in mandibular shape at the genus level [50] and at the
species level [51] are already established. Indeed, in these species,
mandibular shape differences are reached near or before birth.
More importantly for our study is that, according to Daegling [52],
‘‘… the spatial relationships between component parts (e.g. ramus
and corpus) are established early in ontogeny and remain invariant
during growth’’. In modern humans, the definitive breadth of the
mandible is reached early in ontogeny, since the maximum
breadth of the cranium occurs at an age of about 2–3 years and no
significant shape differences in the architecture of the mandible
are expected after this age [40], [46], [53]. Thus, patterns in facial
growth in modern human are established in early development
[54–56]. Bastir and colleagues [57] showed the differences
between Neandertals and modern humans during their postnatal
ontogeny. The growth trajectory in these species produces drastic
changes between the corpus and the ramus due to the vertical
growth occurring at the anterior and posterior face [29], [58].
Bastir et al. [57] suggest that the marked differences in the
mandibular ontogeny of Neanderthals and humans are probably
related to differences in the anterior face. Furthermore, some
studies have shown that the rate of remodeling and rotation of the
mandible during the primary dentition and mixed dentition stages
is greater than during adolescence, and might play an important
role in the determination of adult skeletal and dental relationships
[32], [59–61]. In sum, it is important to remark that despite that
the growth of the different parts of the mandible is decoupled in a
significant degree, the spatial relationship between these parts (i.e.
the structural architecture), such as the corpus and ramus, are
established early in ontogeny and remain invariant throughout
later stages of development. Since the individual to whom D2735
is not far from reaching the adult stage we cannot expect
significant changes in the architecture of this mandible that,
indeed, is very similar to that of D211.
Finally, we approach the study of D2600 under the premise that
its taxonomic assessment is not influenced by pathological
processes [62]. According to Margvelashvili et al. [18], the corpus
and the symphysis of D2600 would have increased their height to
compensate the extreme dental wear. However, in general,
compensatory mechanisms related with occlusal adaptation could
provoke the recession and thickening of the alveolar crest but no
its increase [63–65].
The data and observations we refer in this study were obtained
in the original fossils held at the Georgian National Museum
(Tbilisi). The permit to study the material was given by Dr.
Lordkipanidze under the frame of the Cooperation Treaty
between Fundacio´n Duques de Soria and Georgian National
Museum, Proyecto 10-CAP-0078 supported by Ministerio de
Asuntos Exteriores (Agencia Espan˜ola de Cooperacio´n Interna-
cional y Desarrollo-AECID) and Ministerio de Cultura of Spain.
As we stated above, the edentulous D3900 mandible, which fits
with the toothless D3444 cranium, was not included in this study,
because the strong bone resorption has erased most of the
morphological features of interest. In order to compare our
observations, other hominin mandibles (originals and high quality
first generation casts) have been used (see Table 1). For
comparative purposes we have used data presented in Tables 3
and 4 of Rosas and Bermu´dez de Castro [14] and Table 1 of
Rosas and Bermu´dez de Castro [66].
Stratigraphic context of the dmanisi mandibles
Lordkipanidze et al. [11] state that all human fossils come from
a spatially and temporally constrained stratigraphic and tapho-
nomic setting, being this the premise to assume that all the
Dmanisi individuals belong to the same paleodeme. Dmanisi
hominins have been mostly found in two different excavations
areas namely Block 1 (where D211, D2280, D2282 have been
found) and Block 2 (where D2735, D2700, D4500 and D26000
have been found) separated about 10 to 20 m. Stratigraphy of
Dmanisi is complex, including several units and ‘‘pipes’’ [6], [67]
that were not recognized in the first stratigraphic studies. As a
consequence, the interpretation and nomenclature of the Dmanisi
stratigraphy has been changing throughout the last decades,
making difficult to trace the specific origin and dating of each of
the specimens as well as correlations among all the related
publications.
Dmanisi stratigraphy was first divided into 7 units labelled with
Roman numbers, with number I being the top unit, and number
Table 1. Comparative sample included in this study (originals and high quality casts)*.
Early Pliocene (Africa) AL188-2, AL266, AL277-1, AL288, AL400, Makapansgat MLD 18, Makapansgat MLD 40, Sterkfontein Sts
52
Early Pleistocene (Africa) OH 13, KNM-ER 721, KNM-ER 730, KNM-ER 992, KNM-ER 1501, KNM-ER 1802, KNM-ER 1805, KNM-ER
3230, KNM-WT 15000, Swartkrans SK 15, Peninj
Early Pleistocene (West Asia) Dmanisi D211, Dmanisi D2375, Dmanisi D2600
Early Pleistocene (Europe) Gran Dolina TD6, ATD6-96
Middle Pleistocene (Africa) KNM-BK 8518, KNM-BK 67, OH22, Tighenif 1, Tighenif 2, Tighenif 3
Middle Pleistocene (East Asia) Zhoukoudian G1, Zhoukoudian H1
Middle Pleistocene (Europe) Arago 2, Arago 13, Montmaurin, Atapuerca-SH: AT-1, AT-250, AT-300, AT-505, AT-605, AT-607, AT-888,
AT-950, Mauer
Early Upper Pleistocene (Europe) Amud 1 & 2, Vindija 226, Krapina J & H, Ochoz, Tabun 1 & 2, Spy 1, Regourdou, Circeo 3, Kebara, St.
Cesaire, Shanidar 4, La Quina 1
Upper Pleistocene (Europe) Abri Pataud,Combe Capelle, Skhul 5, Qafzeh 9, Pavlov, Predmostı`, Kostienski, Ober 1 & 2, Brno 3, Dolni 3,
Cromagnon, Chancelade
No taxonomical attributions are assumed in this table.
doi:10.1371/journal.pone.0088212.t001
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VII being the lowest, just above the Masavera basalt [68]. The
second stratigraphic division of the same profile proposed 8 units
labelled from B2b at the top (reverse polarity), to unit A1 (normal
polarity) at the bottom [4]. Ferring et al. [69] expanded this
division with units that are not present at the main profile. As
stated above, Dmanisi stratigraphy is additionally complicated by
the development of pipes, which are erosional or soilpiping
features incised in unit A and filled up by material that, according
to Rightmire et al. [12] is penecontemporary with B units. The
sedimentary units within the pipes are labelled as B1y, B1x and
B1z (but are not part of unit B1) from bottom to top and reflect
distinct layers of sediment accumulation inside the pipes and
gullies as it can be seen in Figure 2 of Lordkipanidze and
colleagues [6]. In earlier works [1], [4], [70], several fossils
(D2280, D2282, D211, D2700 and D2735) were attributed to unit
V (or unit A), with normal polarity (i.e., Olduvai subchron).
However, later on, Ferring et al. [69] stated, contra [1], [3], [4],
[12], [70], [71], that ‘‘in the main excavations, no artifacts or
fossils have been found in the older stratum A deposits, which
conformably overlie the Masavera Basalt’’. According to Ferring
et al. [69] all human fossils have been recovered from reversely
polarized strata B1x-B1z pipe and gully sediments. Even if we
assume the latter as the correct stratigraphic interpretation, the
attribution of all the hominin fossils to the same sedimentary layer
is not supported. D2600, which was firstly attributed to unit VI (or
unit A) by Gabounia et al. [19] and Lumley et al. [3] is now
assigned to level B1y [72], together with its newly described skull
D4500 [11] (see Figure 2). Also, the edentulous individual
(D3900/D3444), firstly attributed to stratum B1 [5] is now located
in unit B1y [6]. However, the adolescent individual composed by
D2700 and D2735, firstly attributed to unit V (or unit A) by Vekua
et al. [70] is assigned to B1x and thus, by definition, to a different
sedimentary episode than D2600, D4500, D3900 and D3444
(Figure 2). Finally, an adult individual represented by a single
metatarsal was found at the higher stratigraphical position (layer
B1z) [67]. As stated by Lordkipanidze et al. [72] there is virtually
no stratigraphical overlap between the postcranial remains of the
adolescent individual (layer B1x) and those attributed to D4500/
D2600 and D3444/D3900 (layer B1y) supporting the distinction
and different accumulation moments. Thus, even if the cycles of
gully construction and filling are allegedly ‘‘short’’, less than
10.000 years according to Lordkipanidze and colleagues [72],
human remains have been found in three different stratigraphic
layers of pipe infilling covering an uncertain time of period.
Finally, we could not find the specific attribution of the human
fossils found at Block 1 (D2280, D2282, and D211) to either B1x,
B1y or B1z, so the precise stratigraphic and taphonomic setting of
the complete set of human fossils remains to some extent unclear.
In addition, it is accepted that the human accumulation is younger
than the Olduvai subchron [69], [73] and according to some
researchers it could be as young as 1.07 Ma [71].
Summarizing, even if we assume that all fossils come from the
pipes [69], the different sublayers (y, x and z) suggest that the
hominins could be deposited there directly, could be re-deposited
from sediments of different age or could be a combination of both
processes, meaning that they are most likely not synchronic.
Morphological features
Previous works provide a complete list of morphological features
in the Dmanisi mandibles [1], [7], [12], [13], [19], [70], [74]. Our
study focuses on some morphological features (Table 2), which can
shed light on the growth model of the Dmanisi mandibles and help
to test the null hypothesis that all the specimens belong to the same
paleodeme.
Supporting metrical variables
Not all the measurements could be taken in all specimens since
D211 lacks the two rami and D2735 is an immature individual.
However, the following metrical variables and indexes can help to
support the morphological observation.
– Breadth of the corpus at the level of the lateral prominence.
– Breadth of the sulcus extramolaris.
– The distance between the more prominent points of both the
right and -left lateral prominences (LP-LP).
– Width: bi-molar M3-M3 distance [14].
– Length: infradentale (ID)-M3 distance [14].
– Total length of the alveolar arcade: LAA. L7 in [19].
– Condylion-Menton distance (CON-MEN). The condylion
landmark is defined as the uppermost point of the condyle,
whereas the menton is the lowermost point of the mandibular
symphysis on the mid-sagittal plane [66].
– Minimum breadth of the ramus.
– Distance between the mental foramen and the third molar
(FOR-M3) [66].
– Distance between the foramen mental and the infradental
point (FOR-I) [66].
– Distance between the M3 and the lingula (LIN) [66].
– Angle between the line defining the internal alveolar border of
the corpus (level of M2–M3) and its prolongation in the
internal border of the ramus, which coincides with the crista
endocoronoidea. This angle has been obtained from occlusal
photographs of the specimens so that the two lines defining it
are placed in the same plane.
In relation to the latter, it is interesting the particular
comparison with the sample recovered from the Middle Pleisto-
cene Atapuerca-Sima de los Huesos site. This sample has been
recovered from a same level and very probably belongs to the
same biological population. It is, therefore, the best hominin
sample to compare with the Dmanisi hypodigm and explore the
degree of intrapopulational variability.
Results
Common Features of the Dmanisi Mandibles
The three Dmanisi mandibles present a set of common
primitive traits for the Homo clade, namely:
– Position of the main mental foramen at the level of P3–P4. In
D211 the mental foramen is slightly advanced with respect to
the other specimens, at the level of the distal part of P3.
– Anterior marginal tubercle placed at the level of the canine (D
2600), or at the level of C-P3 (D211, and D2735). This feature
seems to have appeared for the first time in the Homo clade
[14], [75], [76]. According to Rosas and Bermu´dez de Castro
[14], the anterior marginal tubercles began their evolutionary
differentiation below the canine in early Homo and then
migrated to more distal positions. The Dmanisi mandibles
seem to confirm this hypothesis.
– Presence of features on the anterior part of the symphysis
(Figure 3). D211 exhibits a noticeable and prominent mental
trigone, but without signs of mental fossae or lateral tubercles
[14]. In D2735 there is a clear mental protuberance between
the alveolar border and the base, although it is less defined than
in D211. In D2600 the external aspect of the symphysis is
vertical. Its morphology is in part obscured by a pathological
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process (abscess), including the presence of a loss of bone at the
base of the right lateral incisor with clear signs of remodeling
[62]. The canine eminences are large and very conspicuous,
also giving a peculiar aspect to the external face of the
symphysis. However, we can also observe a faint mental
protuberance in this specimen (but see below). The presence of
a well-developed mental trigone is considered as a derived
feature in the Homo clade [13], [14], [77], [78].
– D211 and D2600 share a high value for the alveolar arcade
index (ID-M3/M3–M3 distance6100). In D211 the index is
110.2 (66.7/60.5) and in D2600 the index is 108.2 (76.4/70.6).
The high index in these specimens reflects the U-shaped dental
arcade of these mandibles, a primitive trait shared with many
early African hominins, like AL 288, AL 400, OH 13, KNM-
ER 1805, KNM-ER 992, KNM-BK 8518, and KNM-BK 67
[14]. The absence of third molar in D2735 prevents the
Figure 2. Projected stratigraphic location of the main hominin remains recovered from Block 2. Adult individuals composed by D2600
and D4500 (red) and D3900 and D3444 (green) are found in layer B1y. The adolescent individual composed by D2700 and D2735 (red) is recovered
from B1x. A third adult individual is found at level B1z (red). Figure combined and modified from Figure 1b of Lordkipanidze et al. [9] and Figure S1–
lower- from Lordkipanidze et al. [11].
doi:10.1371/journal.pone.0088212.g002
Table 2. List of mandibular morphological features considered in this study.
Mandibular features
Shape of the alveolar arcade.
Presence/absence of mental protuberance, mental fossae, and lateral tubercles.
Presence and place of the anterior marginal tubercle.
Superior transverse torus.
Alveolar prominence.
Inferior transverse torus.
Place of mental foramen.
Place and size of lateral prominence.
Presence and trajectory of the mylohyoid line in relation to alveolar margin.
Relief of masseteric fossa.
Presence/absence of the retromolar area. Position of M3 in relation to ramus.
If present, inclination of the retromolar area.
Shift between the anterior and posterior parts of the dental arcade.
Spatial relationship between the corpus and ramus.
Breadth of the sulcus extramolaris.
Shape of the subalveolar plane and subalveolar fossa.
doi:10.1371/journal.pone.0088212.t002
Variability of Dmanisi Mandibles
PLOS ONE | www.plosone.org 6 February 2014 | Volume 9 | Issue 2 | e88212
C H A P T E R 
109
possibility of obtaining the index in this specimen. However,
the U-shaped dental arcade of D2735 is evident at a first sight.
– In consonance with previous features, the shift of direction
between the anterior and posterior parts of the dental arcade
occurs at the level of the canine in the three Dmanisi
specimens.
– The superior transverse torus is rounded and prominent. It
crosses the internal aspect of the symphysis from one side to the
other and extends laterally into a conspicuous alveolar
prominence, which gradually decreases in thickness and ends
at the level of M2. It forms a remarkable bulge in D2600 and
D2735 at the level of P4. The formation of a laterally expanded
lingual arcade in the Dmanisi specimens represents a
reminiscence preserved in early Homo mandibles, like OH 13,
OH 37, KNM-ER 992, and KNM-ER 15000.
– The torus mandibularis is well-developed in the three Dmanisi
mandibles, but it is especially marked in the small specimens,
D211 and D2735.
Differential Features in the Dmanisi Mandibles
The small specimens, D211 and D2735, share some features
that differ from those of D2600, namely:
– In spite of the resemblances in the external part of the
symphysis (see above), it is interesting to note the presence of
lateral tubercles near the mental protuberance in D2600 and
its exaggerated height of the corpus at this level (49,0 mm), in
contrast to 30,8 mm in D211 [16] and 32,3 mm in D2735.
– In D211 and D2735, the inferior transverse torus is less
projected than in D2600 and it is hidden by the superior
transverse torus when we observe the mandible from the upper
view, like in all other early Homo specimens. Gabunia et al. [4]
note the remarkable distal projection of the inferior transverse
torus in D2600, a primitive feature that this specimen shares
with Australopithecus and Paranthropus.
– The mylohyoid line is diffuse in D211 and absent in D2735, a
primitive trait of the Homo clade, also shared with the
Australopithecus genus [79]. In contrast, D2600 exhibits a
conspicuous mylohyoid line, which begins at the end of the
crista endocoronoidea and descends obliquely and ends up in
the inferior transverse torus. The value of this index in several
hominin specimens can be found in Table 3 of [19]. At the
level of the M3, the distance between the mylohyoid line and
the alveolar border is 7.8 mm. The diagonally oblique position
of the mylohyoid line close to the alveolar margin at the M3
level is a typical Neandertal feature (see discussion), and it has
been considered an apomorphy in these hominins [48]. This
feature is also present in some of the mandibular specimens
from the Sima de los Huesos site of Atapuerca, which are
related to the Neandertal lineage. An inclined mylohyoid line is
also present in SK45 and Thigenif 3. However, these examples
(and with the exception of Neanderthals and related hominins)
seem to be exceptional in the hominin fossil record [48].
– The sulcus extramolaris is wide in the three mandibles, but it is
relatively wider in D211 (9.6 mm) and D2735 (10.1 mm)
despite they are considerably smaller than other variables. In
D2600 the sulcus extramolaris is 8.5 mm wide.
– The lateral prominence is well marked in D211 and very
prominent in D2735 and placed at the level of M1–M2,
whereas in D2600 it is weak and located at the level of M2–
M3. The breadth of the corpus at this level is about 20.0 mm in
D211, 23.5 mm in D2735. Although in D2600 the breadth of
the corpus at the level of the lateral prominence is 22.7 mm, it
is important to consider this value in relative terms by
considering other variables of the specimens, such as the
height of the corpus [16]. Thus, we have also obtained the
breadth between the more distant points of the right and left
LPs. The respective values of the latter are: 83.5 in D2600, 80.4
in D2735, and 75.4 in D211. This measurement can be
assessed in relative terms using the total length of the alveolar
arcade (LAA). We have used the values obtained by Gabounia
et al. [19] for D2600 (73.0) and D211 (62.0), and we have
estimated this value in D2735 (63.0). The LP-LP/LAA-LAA
index is 78.3 in D2735, 82.2 in D211, and 87.4 in 2600. These
values clearly indicate the relative great breadth of the small
mandibles at the level of the lateral prominence in comparison
to D2600.
– The main difference between the small mandibles and D2600
is related to the spatial relationship between the corpus and the
ramus (Figures 4 and 5) and both the lateral prominence and the
sulcus extramolaris are features related to this. This spatial
relationship was already analyzed by Rosas and Bermu´dez de
Castro [14] in their study of the D211 specimen. The primitive
pattern is characterized by the following traits: the sagittal
plane of each ramus is placed in a buccal position in relation to
the sagittal plane of the corresponding (right or left) part of the
corpus. Furthermore, the anterior border of the ramus grows
anteriorly reaching a forward position and conforming a
conspicuous lateral prominence, with its maximum breadth
located at the level of M1–M2. As a consequence, a wide
extramolar sulcus is developed and the M3 and even a part of
the M2 are covered by the ramus, when the mandible is
observed from a lateral view. We also measured the angle
formed by the internal alveolar border of the corpus at the level
of M2–M3 (see methods) and the prolongation of this border in
the ramus along the crista endocoronoidea in a representative
hominin sample. The two lines converge at the level of the
lingual tuberosity, an important area for mandibular growth,
and that ought to be in line with the maxillary tuberosity for a
correct dental occlusion, forming the so-called maxillary plane
or PM plane [32]. The value of this angle in D211 is 120u. In
D2735 the angle measures 130u, whereas in D2600 the value of
this variable is 155u. Observations in the hominin fossil record
seem to confirm that the buccal position of the ramus with
respect to the corpus is the primitive condition in the hominin
clade, as it is evinced in A. anamensis, A. afarensis. A. africanus. P.
africanus, P. boisei, and H. habilis [14], [80–84]. Table 3 presents
the value of the angle between the internal alveolar border of
the corpus and the prolongation of this border in the ramus.
Note that the smaller measurements are obtained in early
hominins, and that the value in D211 is close to the lower limit
of the variation of this angle in the hominin sample we selected.
In representatives of H. ergaster (or African H. erectus) the values
are higher and similar to that obtained in D2600. It is also
interesting the low variation observed in the Atapuerca-SH
hominin sample (coefficient of variation= 2.8). This sample
includes specimens of great size, which may be considered as
males, and small specimens which may represent females.
Thus, SH is a good sample to show that differences in this
architectural pattern are not necessarily related to sexual
dimorphism or size differences. The Atapuerca-SH hominins
form part or are closely related to the Middle/Upper-
Pleistocene hominin lineage, which exhibit a extremely derived
state showing the rami wholly aligned with the corpora and
displaced backwards [66]. D211 and D2735 exhibit the
primitive state for the spatial relationship between the corpus
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and ramus, whereas in D2600 the rami are wholly aligned with
the corpora and displaced backwards.
– The morphology of the retromolar area is also closely related to
the spatial relationship between the corpus and ramus. In the
small mandibles the internal alveolar border twists sharply
buccalwards just behind the M3 and, as a consequence, the
retromolar area is absent (D211) or poorly developed (D2735).
In D211, the triangular torus arises just behind the M3 [14],
whereas in D 2735 there is a narrow and vertical retromolar
space, which is 7.6 mm long. In D2600 the retromolar area is
sub-horizontal and measures 10.0 mm.
– Also related to the spatial relationship between the corpus and
ramus is the aspect of the subalveolar plane and the subalveolar
fossa (the medial wall of the corpus) at the level of M2 and M3.
In both D211 and D2735 the plane is flat and the fossa inclined
and strongly inclined outwards, respectively. This inclination is
necessary to get the anatomical connexion between the two
components of the mandible, and it produces a conspicuous
lingual tilt of the M3. This feature is also present in the African
specimens KNM-ER 992 and KNM-ER 15000, as well as in
Sangiran 9. In contrast, the mandible D2600 shows a flat,
wider and almost vertically oriented subalveolar plane and
subalveolar fossa. The later seems to be a derived condition of
the Homo clade, which is present, for instance, in the Tighenif
mandibles [85]. Furthermore, the pterygoid fossa is well-
excavated in D2600.
– In D2735 the masseteric fossa is deep, probably due to the
eccentric position of the ramus with respect to the sagittal
central axis of the mandible. The D2735 specimen shares this
primitive structural pattern with early hominins like AL 400,
AL 228, MLD 18, MLD 40, or OH 13. Although both the left
and right ascending rami of D2600 are seriously damaged, it is
possible to assess the masseteric fossa in the right side, which is
very shallow.
– Mounier and colleagues [74] have noted additional differences
between D211 and D2600 such as that the incisura submentalis
is present in D211 and absent in D2600. The latter shows a
medial crest between the two fossae digastrica, which is absent
in D211. Likewise, D2600 exhibit a conspicuous sulcus
intertoralis, which is absent in D211.
A summary of the state of expression of the main features
observed in D211, D2735 and D2600 is presented in Table 4.
Some mandibular measurements and indices
In D2600 the distance between the CON (condylion) and MEN
(menton) is 159.0. This is the greatest value obtained in a large
sample of hominin mandibles [66]. This measurement, as well as
the distance between the mental foramen and the M3 (FOR-
M3:61.8) are out and far from the variability of hominin groups
like H. erectus, H. ergaster or H. habilis. With regard to the FOR-M3
distance, only two specimens are close to the value obtained in
D2600: AL266 (59.9), and AL277-1 (59.3). This result accounts for
the great length of the posterior part of the corpus, which gives
body to molars and premolars. The large retromolar area of
D2600 is a plus for this length. In D211, the distance FOR-M3
(50.0) is similar to most African and Asian Plio-Pleistocene
hominins [66].
Likewise, and although the breadth of the ramus of D2600
(44.4 mm) is well within the variability of H. ergaster, H. erectus, or
H. heidelbergensis, when this measurement is compared with the
length of the mandible, the index ramus breadth/CON-MEN
(0.28) is out and far from the variability of all the hominins except
H. sapiens, only entering in the lower range of modern humans
variation [66]. The distance between the infradental point and the
mental foramen (I-FOR) has been used by Rosas and Bermu´dez
de Castro [66] to evaluate the taxonomical status of the Mauer
mandible. For this measurement (39.8), D2600 is far from H.
habilis, H. ergaster and most H. erectus [66]. In D211 the I-FOR
distance (29.0) is similar to that of African earlier specimens
including in A. afarensis, H. habilis and H. ergaster as well as in the
East African Middle Pleistocene specimens from Baringo (BK67
and BK8518) [66]. The value of D2600 is well within the Middle
European hominins. Concerning the distance M3-LIN (32.0),
D2600 is also far from H. habilis, H. ergaster, and H. erectus. Only the
values of Tighenif 3, BK67, OH22 and the European Middle
Pleistocene hominins have similar values to that of D2600. When
we compare this variable with the total length (M3-LIN/CON-
MEN) index (0.2) D2600 is also out of the H. erectus variability [66].
Some dental traits
A detailed study of the morphological and metric features of the
Dmanisi dental sample can be found in Martino´n-Torres et al.
[10]. However, it is interesting to remember some aspects of the
Dmanisi teeth that are relevant for the conclusions of this study.
Thus, it is noteworthy that D211 and D2735 represent the first
occurrence of an M1.M2 size sequence in the genus Homo record,
whereas D2600 keeps the primitive pattern (M1,M2,M3) (see
Figure 5). The M1.M2 sequence is a trait is not found again till
the Middle Pleistocene in specimens such as OH-22, Rabat,
Atapuerca-SH or some Zhoukoudian individuals, although is still
infrequent during this period. In addition, D211 exhibits an M2.
M3 size relationship like in OH-16, KNM-ER 806, KNM-ER
730 y KNM-ER 992, and some other specimens assigned to H.
erectus and H. antecessor [38]. In contrast, D2600 shares the
primitive pattern with Australopithecus, Paranthropus and the majority
of the early Homo specimens (M2,M3).
The root system also illustrates differences between D211 and
D2735, on the one hand, and D2600 on the other. D211 and
Figure 3. Anterior view of D2600. Note the forward position of the
anterior marginal tubercles at the level of the canines, the large canine
eminences, and the clear mental protuberance.
doi:10.1371/journal.pone.0088212.g003
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D2735 exhibit a single root in their premolars, whereas D2600
develops a 2R: M+D pattern in its P3s (Figure 6) like in KNM-ER
1802 and UR-501 as well as in P. robustus and P. boisei [86].
Discussion
In general, all researchers acknowledge large differences, not
only in size but also in shape, between D2600 and the other
two Dmanisi mandibles (D211 and D2735). However, the
interpretations of this variation are diverse, ranging from a high
degree of variability within the genus Homo that could include
pronounced sexual dimorphism [11], [87], pathological nature
[17], [18] or the possible existence of two paleodemes at the site
[10], [16], [62]. As we will tackle below, our study has provided
some data that would support the latter, as the differences
pointed out between D2600 and the other two mandibles are
significant, established early in the ontogeny and hardly a
consequence of sexual dimorphism or differences in size. The
fact that all the specimens were presumably accumulated over a
short period of time has often led to discard almost a priori the
possibility of two populations represented in the Dmanisi sample
[9], [11]. However, a detailed analysis of the stratigraphic
sequence and the datation of the levels invite to be cautious on
this statement, since the time of deposition of the hominin
remains could span over an undetermined period of time (see
discussion above and Figure 2). In addition, the Dmanisi lithic
assemblage also points to the existence of possibly two different
technologies and techniques [88], thus supporting the possibility
that two paleodemes occupied the same area.
Figure 4. Scheme of the distal part of the corpus of D 2735 and D 2600. Note how the internal alveolar border, at the level of the mandibular
tuberosity, turns buccalwards just behind the M3, as well as the small size of the retromolar area in D2735 (a) in relation to D2600 (b). The different
spatial relationship between the corpus and ramus in the two mandibles has an influence on the breadth of the corpus at both the lateral
protuberance level and the extramolar sulcus.
doi:10.1371/journal.pone.0088212.g004
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The exceptional difference of height seen between the Dmanisi
mandibles (D2600, D2735 and D211) has been interpreted to be
an age-related process, given the old age of the individual the
mandible D2600 belonged to [17], [18], [89]. It is known that the
mandible may experience some growth during adulthood [90].
This (if any) would be small, never reaching the conspicuous
height differences ascertained between D2600 and the smaller
D21 and D2735. Furthermore, the architectural differences
between D211 and D2735, and D2600 we present in our
manuscript are not dependant on the length and height of the
mandibles.
As noted by Van Arsdale and Lordkipanidze [89] and Martı´n-
France´s et al. [62] the differences in the dental wear gradient
along the D2600 molar row has not been observed in any other
Pleistocene specimen. According to Margvelashvili and colleagues
[18], this severe dental wear in D2600 would have provoked both
compensatory eruption of the teeth and remodeling of the alveolar
crest, contributing to an increase of the symphysis height.
Continuous eruption is one of the three main mechanisms that
exist to compensate for enamel wear together with mesial drift and
lingual tipping. Compensatory eruption provokes the extrusion of
teeth through axial movement, hyperproduction of root cementum
and/or remodeling of the socket fundus, but not by increasing the
alveolar crest height [63], [91–94]. It has been observed in great
apes [95], modern humans [63], [96] and earlier hominins [97]. In
absence of disease and if the alveolar border is preserved,
continuous eruption can be calculated as the distance between
the alveolar crest (AC) and the cement enamel junction (CEJ).
Compensatory eruption could be also measured as the increasing
distance from the mandibular canal to the root apices as suggested
by Margvelashvili et al. [18]. However, for doing so, it would be
necessary to know the original distance between the mandibular
canal and the root apex in absence of compensatory eruption, i.e.,
to make a longitudinal study within a given group instead of a
transversal study across different taxa, since we cannot discern if
differences in that distance are attributable to compensatory
eruption, to taxonomy or to diet among other factors. In a recent
article, Martı´n-France´s and colleagues [62] observed continuous
eruption in the D2600 mandible. The authors calculated a
distance between AC and CEJ from 5 to 10 mm depending on the
location. As illustrated in Figure 1 of Margvelashvili et al. [18], if
the alveolar height in D2600 mandible increased approximately
12 mm, it would mean that teeth needed to erupt from 17 and
22 mm to still keep the 5 to 10 mm distance between AC and CEJ
despite the AC growth. Not only these values look excessive but a
strong and extensive remodeling of the alveolar socket should be
demonstrated with mCT or X-ray images to support the
statement. In addition, alveolar changes (if any) as an adaptation
to a changing occlusion would provoke indeed the opposite: a
recession and thickening of the buccal margin of the alveolar crest
known as compensatory receding bone [64], [65]. Thus, we
believe that the lack of signs related to periodontal disease, the
recorded compensatory eruption and the lack of molar mesial drift
are in favour of a stable or minimal alveolar height changes [62].
Skinner et al. [16] investigated the possibility that the high
variation observed in the height and breadth of the corpus in D211
and D2600 could be due to sexual dimorphism. According to these
authors, the pattern of variation obtained in the Dmanisi
Figure 5. Detail of the spatial relationship between the corpus and ramus in D2600 and D2735. Note that the ramus is wholly aligned
with the corpus in D2600 (left) and displaced backwards, whereas in D2735 (right) the ramus deviates strongly buccalwards (see the text for more
details). White bar: 2 cm.
doi:10.1371/journal.pone.0088212.g005
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mandibles exceeded that of observed in Gorilla, Pan, Pongo, and H.
sapiens. Rightmire et al. [17] criticized this work, and stated that
the damage presented by D211 and D2600 in the basal part of the
corpus was affecting the measurements taken by Skinner and his
team [16]. Furthermore, and according to Rightmire et al. [17]
the pathological features exhibited by D2600 may have altered the
morphology of this specimen [62]. Besides, other colleagues have
also noted the remarkable differences between D2600 and the
other mandibles and the crania [70], [98], [99]. Gabounia et al.
[19] also suggested that the remarkable differences in the sample
could be due to a particular sexual dimorphism in the Dmanisi
paleodeme. In this frame, we could explore whether architectural
differences between D2600 and the small mandibles presented in
our work can be also consequence of sexual dimorphism. In this
respect, it has been shown that the spatial relationship between the
ramus and the corpus can provide important taxonomical and
phylogenetic information [14]. Interestingly, we have noted that
the angle measuring this corpus/ramus relationship has a
remarkable low variation coefficient in the Atapuerca-SH
hominins. The mandibular sample of SH includes both males
and females, and very probably all of them belong to the same
biological population [100]. Obviously, and although we cannot
discard a particular variation in the Dmanisi population, it seems
that this feature follows a pattern of primitive/derived condition
instead of a pattern of sexual dimorphism.
The small Dmanisi mandibles exhibit a primitive morphological
pattern shared with other African hominins and in particular with
the early representatives of the Homo clade. Thus, the possible
relationship of the paleodeme formed by these individuals with H.
habilis and H. ergaster (or African H. erectus, according to some
authors) seems to be convincing [10], [12], [14]. In contrast, the
interpretation of the D2600 specimen is more problematic. It also
shows primitive features shared with D211 and D2735, as well as
with early Homo specimens and even with Australopithecus and
Paranthropus. However, D2600 shows a mosaic of features (Table 3),
which seems difficult to understand.
Rosas [48], [53] has performed a detailed study of the
morphology and the architecture of the mandibular bone along
the European lineage, which includes specimens from the Middle
Pleistocene (in particular those of Atapuerca-SH) and the classical
Neandertals from the late Middle Pleistocene and the early Upper
Pleistocene. In the framework of the craniofacial evolutionary
development, Rosas [48] hypothesizes that two distinct and
independent morphological processes regulate the variability of
the mandible in these hominins. The first process is associated with
the backward displacement of features of the corpus, namely the
mental foramen, lateral prominence, and anterior marginal
tubercle, as well as the anterior border of the ramus. According
to Rosas [48], these changes are probably secondary to the spatial
position of the mandible in the context of the craniofacial complex.
The second process would imply changes in the internal aspect of
the corpus and the ramus, mainly the inclination of the mylohyoid
line and the alignment of the corpus and ramus, a shallow
masseteric fossa, and a deep pterygoid fossa. With respect to the
first process, in D2600 the mental foramen and anterior marginal
tubercle are placed in a primitive position, whereas the lateral
prominence and the anterior border of the ramus are displaced
backwards, and there is a conspicuous and subhorizontal
retromolar area (despite the great size of the molars and the
M1,M2,M3 pattern). This pattern, which combines primitive
and derived traits apparently, seems to be incongruous with a
process similar to that of proposed by Rosas [48]. With respect to
the second process, D2600 shares all the above-mentioned derived
features with Neanderthals. In contrast, this mosaic pattern is
absent in D211 and D2735.
In relation to these observations, it is interesting to note that
some of the most remarkable primitive features of the D2600
mandibles are placed in the infra-nerve unit of the mandible [28]
namely, the forward position of the mental foramen, which is
placed at the inferior aspect of the corpus [74], the place of the
anterior basal tubercle, or the strong projection of the inferior
transverse torus. According to Enlow and Hans [24], the structures
placed above the alveolar nerve canal differ from those placed
under this canal with respect to bone remodeling. Besides that,
and according to Rosas and Bastir [28], the alveolar nerve canal
contains reflections of the growth process and the properties of
mandibular growth rotations. This fact may explain the apparent
incongruity of the combination of primitive and derived features
observed at the external part of the corpus. The forward position
of the lateral protuberance, the alignment of the axis of the corpus
and ramus, and the relatively narrow sulcus extramolaris can be
related to the posterior relocation of the ramus and corpus and,
like in Neanderthals, may be the result of the forward displace-
ment-posterior growth of the mandible [48]. The presence of the
large retromolar area in D2600 can be related to a prolonged
growth (bone deposition) of the mandibular tuberosity and the
resorption of the medial aspect of the ramus. Rosas and Bastir [28]
also concluded that the size of the retromolar area represents an
allometric variation related to size, and particularly with the supra-
nerve unit in samples of chimpanzees, gorillas, modern humans,
and (particularly well-expressed) in the Atapuerca-SH hominins
and the Neanderthals.
Thus, these features reflect differences strongly linked with
patterns of growth and development and can be hardly explained
Table 3. Measurement of the angle formed between the
internal alveolar border of the corpus and its prolongation in
the internal border of the ramus.
Specimen/Sample Degrees
Dmanisi D211 120
Dmanisi D2735 130
Dmanisi D2600 155
MLD 18 127
MLD 40 115
Sts 52 148
SK 15 139
Peninj 130
KNM-ER 721 148
KNM-ER 992 151
KNM-WT 15000 130
OH 13 128
OH 22 152
ATD6-96 150
Tighenif 1 155
Tighenif 2 143
Tighenif 3 145
Mauer 155
Atapuerca-SH 159,5 (n = 8; SD= 4,47; range = 154–166 )
This angle measures the spatial relationship between the corpus and ramus.
The Atapuerca-SH sample includes the mandibles of individuals I, IV, VI, XII, XIX,
XXI, XXII, and XXIII.
doi:10.1371/journal.pone.0088212.t003
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by size or sexual dimorphism. Interestingly, there is another factor
we could consider in this analysis. Some authors have suggested
that variation in mandibular shape in primates is strongly linked to
the mechanical demands of different diets [101–106]. If the
differences between the Dmanisi mandibles are not the conse-
quence of a particular specific architecture (and the associated
Table 4. Summary of the primitive mandibular features in the Homo clade considered in this report.
Primitive features in the Homo clade
1- Mental foramen placed at the level of P3–P4
2- Presence of mental protuberance
3- Anterior marginal tubercle at the level of the canine or the C/P3
4- U-shaped arcade: high value for the alveolar arcade index
5- Shift between the anterior and posterior parts of the dental arcade at the level of the canine
6- Conspicuous alveolar prominence
7- Prominent superior transverse torus
8- Absence of retromolar area
9- Non-aligned corpus and ramus
10- Absence of mylohyoid line
11-Lateral prominence placed at the level of M1–M2
12- Subalveolar fossa strongly inclined outwards
13- Deep masseteric fossa
14- Anterior order of the ramus covering the M3 and a part of the M2
Derived features in D2600
8- Presence of a subhorizotal and well-developed retromolar area
9- Aligned corpus and ramus
10- Conspicuous and inclined mylohyoid line
11- Lateral prominence placed at the level of M2–M3
13- Shallow masseteric fossa
14- Anterior border of the ramus displaced forward and covering only a part of the M3
Traits 1 to 7 are common to D211, D2735 and D2600. However, traits 8 to 14 are derived in D2600.
doi:10.1371/journal.pone.0088212.t004
Figure 6. Detail of the left side of D2600. Note the molarized root bifurcation of the left P3.
doi:10.1371/journal.pone.0088212.g006
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specific pattern of growth) then we could hypothesize that these
differences are related to particular diets [62]. According to
Martı´n-France´s et al. [62], the wear pattern of D2600 is related to
a diet with a high intake of fibrous and abrasive foods such as fruits
and plants, similar to the wear pattern recorded in chimpanzees
and gorillas. The dentition of D2600 reveals pre- and/or para-
masticatory activities such as gripping and stripping and its pattern
of wear is different from that recorded in their Homo sample.
Following this research, there are grounds to explain the presence
of two different paleodemes or species in the Dmanisi assemblage,
since D2600 could be adapted to a different ecological niche than
the rest of the Dmanisi individuals.
In addition, among the dental differences described above
between the small Dmanisi mandibles and D2600 such as the size
relationship between M1 and M2 is a particularly interesting trait.
The M1.M2 sequence is an exception in the whole Early
Pleistocene, and the fact that both unique cases come from the
same site could ratify that D211 and D2735 belong to the same
population, different to that of D2600 where the dental size
increases distally. Moreover, we find unlikely that sexual
dimorphism works among hominins producing such a molarized
bifurcation of the premolar root. While the variability in the
premolar’s root number within a human population is usually
related to the Tome’s root type, no other examples are found in
the hominin fossil record where males develop this markedly
bifurcation when compared to females.
In sum, we consider that the small mandibles probably belonged
to a paleodeme related to the early African species, H. habilis and
H. ergaster. In contrast, the D2600 mandible could be related to
these species but it could also belong to a different and specialized
paleodeme. The D2600 mandible exhibits an unexpected and
particular mosaic of mandibular features (Table 3) that, in our
view, cannot be attributed to the variability (e.g. sexual dimor-
phism) of a paleodeme that includes D211 and D2735. The
relative independence among components of morphological
structures (such as the mandible) is a precondition of a mosaic
evolutionary change [29]. It is interesting to note in D2600 the
retention of primitive traits of the hominin clade together with a
set of features that will appear 1.3 million years later in the
European hominin lineage. This seems a clear evidence that a
similar change in the development pattern could have occurred in
hominins remarkably separated in space and time, leading to the
appearance of the same set of traits, probably as a case of
homoplasy. We can assume that the same development process
has not operated in the Neanderthals and in D2600, given the
strong craniofacial differences between the skull of Neanderthals
and the skull 5 from Dmanisi. The morphology of D2600 responds
to a specific growth process, which led to combination of features
never found in other hominins. The derived traits have to be
combined with primitive features in a harmonious mosaic pattern
in order to perform the corresponding function [35]. It is
interesting that some measurements and indices obtained in
D2600 are out of the variability of H. habilis, H. ergaster, and H.
erectus, contra conclusions of [11], adding more uncertainty to the
phylogenetic relationships of this enigmatic specimen.
With regard to the present observations, we believe that the
definition of a new paleodeme (species) [15] is justified. If we
consider that the differences between the skull 5 from Dmanisi and
the other specimens are enough to consider the species level, then
the nomen H. georgicus would represent a valid taxon. Our results
suggest that the individuals represented by D211 and D2735
might belong to a different paleodeme (species), with a completely
distinct craniofacial growth pattern. Furthermore, according to
Baena and colleagues [88] the lithic assemblage recovered from
the Dmanisi site could be also congruent with the existence of two
different populations.
We expect that future discoveries at Dmanisi and revisions of
the Plio-Pleistocene hominin fossil record can help to shed light in
the taxonomic and phylogenetic interpretation of these hominins.
However, the evidence available at present suggests that the
scenario of the first dispersion out of Africa was probably more
complex than what it was previously supposed. Our own analysis
on the original specimens suggests that different ecological niches
may have been present in the area where the Dmanisi fossils were
found. The possibility of two paleodemes represented in the
Dmanisi hypodigm should be further explored.
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6. Discussion 
6.1. Synthesis and Revision of  the Pathologies in the Fossil Record
This section describes the pathological findings in the fossil record, with special attention 
to the original specimens studied by the author. Most of  the individuals present more than one 
condition. In order to avoid repetition in the manuscript the specimens have been included 
within the palaeopathological subsection that is more representative. That is, the most pervasive 
and conspicuous pathology has been chosen as a representative of  that specimen and will be 
tackled extensively in the corresponding subsection, although they will also be mentioned in 
the corresponding subsections.
6.1.1. Dentognathic Diseases 
Dental pathologies have the particular nature of  being cause and consequence of  the 
same condition and of  different ones at the same time. This particularity in most cases 
complicates the identification of  the ethiopathological sequence and obscures the diagnosis.   
6.1.1.1. Dental wear 
Dental wear is a multifactorial condition that diminishes the enamel thickness (Addy and 
Shellis 2006; Barlett 2005; d’Incau et al. 2012; Ganss et al. 1999; Mair et al. 1996; Scott and 
Winn 2011). Although the wear of  enamel is not pathological per se, depending on its severity 
it can cause dental migration and the development of  pathological conditions. For instance, 
extreme dental wear can jeopardize the individual’s survival as it might lead to poor nutritional 
intake, disease and eventually to death (Elgart 2010; Lovell 1991). The degree and rate of  
enamel wear highly depends on several factors such as occlusal variation, environment or 
behavioural activities, pre- and para-masticatory functions (Addy and Shellis 2006). The wear 
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of  the enamel crown has been studied in depth in great apes, hominins and modern humans, 
as changes related to the loss of  enamel has notable consequences in the dentition and its 
supporting structures. The pattern of  enamel and dentine wear can reflect diseases, dietary 
preferences and behaviour of  a hominin species (e.g., Fiorenza et al. 2011; Gracia-Téllez et 
al. 2013; Hinton 1981; Hylander 1977; Kaifu et al. 2003; Lalueza Fox and Frayer 1997; Lovell 
1991; Lozano et al. 2004; Molnar 1971; Pérez-Pérez et al. 2003; Teaford and Ungar 2000; 
Ungar and Grine 1991; Wallace 1975). Three mechanisms are identified to cause this loss: 
attrition, abrasion and erosion (e.g., Addy and Shellis 2006; Barlett 2005; d’Incau et al. 2012). 
Attrition is the gradual loss of  enamel on occlusal and proximal surfaces of  the tooth crown 
caused by tooth-to-tooth contact resulting in flat surfaces (Addy and Shellis 2006; d’Incau et 
al. 2012; Hillson 2008a; Hylander 1977; Kaidonis 2008; Kaifu et al. 2003; Nyström et al. 1990). 
Abrasion is the loss of  enamel tissue due to friction with an exogenous corpus (Abrahamsen 
2005; Barlett 2005; d’Incau et al. 2012; Eccles 1979; Kaidonis 2008; Mair et al. 1996). For 
instance, the food bolus during mastication causes abrasion of  all tooth surfaces (e.g., d’Incau 
et al. 2012; Lucas 2004). Another type of  abrasion would be the furrow, induced by the use 
of  a “toothpick” (e.g., Bermúdez de Castro et al. 1997a; Gracia-Téllez et al. 2013; Frayer and 
Russell 1987; Martinón-Torres et al. 2011a). Although abrasion and attrition are considered the 
major mechanisms to produce enamel decay, erosion also must be taken into account when 
describing possible wear mechanisms. Erosion is defined as the pathological loss of  enamel 
due to chemical action (Abrahamsen 2005; Addy and Shellis 2006; Barlett 2005; Eccles 1979; 
Eccles and Jenkins 1974; Ganss et al. 1999, 2002; Lucas 2004; Lussi et al. 2002; Nyström et 
al. 1990). The origin of  enamel erosion is divided into intrinsic, such as saliva pH, chemical 
factors, dental anatomy and occlusion; and extrinsic, like dietary habits (Eccles 1979; Eccles 
and Jenkins 1974; Lussi et al. 2002). The erosive mechanism affects differently anterior and 
posterior dentition. The erosive wear on anterior dentition affects mostly labial and lingual 
surfaces.  However, on posterior dentition, the affected surface is the occlusal, resulting in a 
highly cupped occlusal morphology and extensive secondary dentine deposition (Eccles 1979; 
Eccles and Jenkins 1974; Robb et al. 1991). Research has shown that diets including abrasive, 
raw and acidic foods are the most likely to erode enamel tissue (Eccles 1979; Eccles and 
Jenkins 1974; Ganss et al. 1999, 2002). Abrahamsen (2005) found that mulling (similar to 
ruminant chew pattern) of  acidic foods accompanied by delay in swelling would result in a 
bilateral enamel “cupped” wear of  the posterior dentition due to erosion. Other conditions 
such as regurgitation, repetitive vomiting and reflux must also be considered as possible causes 
of  this type erosion (Abrahamsen 2005; Barlett 2005; Lussi et al. 2002; Ogden 2008a; Robb 
et al. 1991).
Dental wear is the primary factor triggering infection of  the pulp cavity resulting in the 
165
d i s c u s s i o n 
formation of  cysts, bone destruction and probable antemortem tooth loss (ATL). That is, if  
wear is severe enough it can wear off  the entire enamel surface leaving the pulp cavity exposed. 
As a response to the loss of  enamel thickness secondary dentine is deposited as an attempt 
to seal the pulp chamber and allow chewing function. However, if  the sealing process fails 
and the pulp chamber remains exposed, bacteria can enter and eventually spread into the root 
canals. The pulp can undergo necrosis and the tooth will become non-vital. If  the infective 
products remain in the bone a space-occupying lesion is formed. Eventually the debris is 
drained, usually through the buccal surface of  the alveolar bone, as it is thinner (Dias and 
Tayles 1997; Dias et al. 2007; Ogden 2008a,b). Severe wear, together with the use of  teeth in 
para- and/or pre-masticatory activities, can cause enamel fracture (Constantino et al. 2010; 
Scott and Winn 2011). The thinning of  the tissue through dental wear makes it more brittle 
and susceptible of  fracture during the mastication process, in particular during the chewing of  
abrasive and fibrous foods with adhered soil particles and during para- and/or pre-masticatory 
activities. Depending on the size of  the breakage, chipping or fracture (Patterson 1984), it 
could also derive in exposure of  the pulp chamber and the consequent infection.  
Dental wear is also responsible for dental migration. Three types of  dental migration 
have been identified to compensate from severe dental wear: continuous eruption, mesial drift and 
anterior lingual tipping (Begg 1954a-d; d’Incau et al. 2012; Hylander 1977; Kaifu 2000; Kaifu et 
al. 2003). These post-eruptive movements have been interpreted as adaptive mechanisms to 
maintain and enable efficient masticatory function and have been observed to occur in great 
apes, hominins and modern humans (e.g., Dean et al. 1992; Hillson 2008a; Kaifu et al. 2003; 
Martinón-Torres et al. 2011a; Newman 1999; Ten Cate 1998). Traditionally, it was wrongly 
assumed that the increased distance between the Alveolar Crest (AC) and the Cementum 
Enamel Junction (CEJ) was exclusively reflecting the recession of  the alveolar margin due 
to periodontal disease (Clarke and Hirsch 1991a; Hillson 2008b; Ogden 2008a,b). However, 
the increased distance between the AC and the CEJ that accompanies severe dental wear can 
evince continuous eruption, particularly in the absence of  pathological signs in the alveolar crest 
(Barlett 2005; d’Incau et al. 2012; Hillson 2008b; Hylander 1977; Kaifu et al. 2003; Newman 
1999; Newman et al. 1979; Ogden 2008a,b; Ten Cate 1998; Whittaker et al. 1982, 1985, 1990). 
Continuous eruption, also known as axial eruption, was first documented by Begg (1954a-d) 
and Murphy (1964 in Hylander 1977). This physiological tooth movement is produced by 
mechanical forces and implies the remodelling of  hard and soft dental tissues. The extrusion 
of  the tooth would compensate for the loss of  enamel crown height and ensure occlusal 
synchrony in order to maintain its function throughout life (e.g., Clarke and Hirsch 1991b; 
d’Incau et al. 2012; Kaifu et al. 2003; Levers and Darling 1983; Newman 1999; Ogden 2008a; 
Ten Cate 1998; Whittaker et al. 1982). Another type of  enamel wear is one that occurs between 
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the contact points of  adjacent teeth and is known as approximal wear. Mesial drift is the dental 
mechanism to compensate for this type of  tissue loss (Begg 1954; d’Incau et al. 2012; Hillson 
2008b; Kaifu et al. 2003; Smith 2011; Ten Cate 1998). There are several processes involved 
in the anterior migration of  the teeth such as occlusal forces, soft tissue pressure and the 
contraction of  the transeptal ligaments (Kaifu et al. 2003; Ten Cate 1998). As approximal 
wear advances, the original contact points between neighbouring teeth develop into enlarged 
facets that occupy almost the entire mesio-distal enamel surfaces (Begg 1954). Individuals 
with stronger or more frequent bites forces are believed to show higher rates of  approximal 
wear (Smith 2011). This type of  mesial migration of  the posterior dentition has been recorded 
in individuals exhibiting both severe but also low degree of  wear [e.g., individuals V, VII and 
XXI from SH-Atapuerca (personal observation), Homo floresiensis LB1 individual (Jungers and 
Kaifu 2011); Tabun I, La Quina 5 and La Ferrassie I [Fig. 5 of  Martín-Francés et al. 2014 
(Chapter 5 Article 4)]. Lingual tipping of  anterior teeth is the third of  the mechanisms that 
derive from severe dental wear. It is produced by the lingual inclination of  the tooth, with the 
corresponding root protrusion towards the anterior surface of  the alveolar bone (d’Incau et al. 
2012; Hillson 2008a; Hylander 1977; Kaifu et al. 2003). 
Severe wear and/or continuous eruption, and/or ATL are factors that damage the 
stable “centric” occlusal position of  the mandible causing irregular loop-shaped chewing 
movements. This masticatory malfunction with time will develop in osteoarthritis of  the 
mandibular condyles, also known as Temporomandibular Joint Disease (TMJ) (Langsjoen 
1998; LeResche 1997). TMJ has been recorded in fossil individuals such as SH-Atapuerca 
Skull 5 (Gracia-Téllez et al. 2013; Chapter 5 Article 2), La Chapelle-aux-Saints (Tappen 
1985), La Ferrassie I (Wallace 1975) and Dmanisi D2600 (Martín-Francés et al. 2014, Chapter 
5 Article 4).
6.1.1.2. Periodontal disease 
Classically, periodontal disease is considered a multifactorial plaque-induced disease of  
the dental supporting tissues that affects individuals in different degrees. It is now recognised 
that bacteria in dental plaque are directly implicated in the development (Nanci and Bosshardt 
2006). Periodontal disease can result in soft-tissue inflammation, bone destruction and 
eventually ATL (Cawson and Odell 2002; Ogden 2008a; Slootweg 2007; Whittaker et al. 
1998). This condition has been documented in non-human primates, hominins and modern 
humans (e.g., Dean et al. 1992; Lovell 1991; Martinón-Torres et al. 2011b; Wasterlain et al. 
2011). Periodontal disease comprises gingivitis and periodontitis (Cawson and Odell 2002; Ogden 
2008a). Gingivitis is the inflammation of  the gingival margin due to the accumulation of  dental 
plaque. The signs of  gingivitis are redness, swelling and bleeding of  the gingiva, although the 
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periodontal ligament and alveolar bone are not involved. Once the gingivitis sets in the soft 
tissues it can develop into periodontitis (Cawson and Odell 2002; Nanci and Bosshardt 2006; 
Ogden 2008a; Slootweg 2007). Chronic Periodontitis. The stagnation and maintenance of  the 
infective products leads to chronic inflammation and destruction of  the supporting tissues. 
The infection progresses and destroys the structures (periodontal ligament and Sharpeys’ 
fibres) of  tooth-socket attachment. Posteriorly a periodontal pocket forms with the consequent 
subgingival plaque accumulation; finally, the alveolar bone resorption starts. In a first phase the 
bone around the tooth cervix bulges up creating a ledge appearance; in the second phase the 
bone becomes porotic (bone destruction) and there is a trough between 2 and 4 mm separating 
the tooth and the socket; in the third phase the bone continues its resorption and the trough 
is wider, approx. more than 5 mm (Cawson and Odell 2002; Ogden 2008a; Slootweg 2007). 
The common form of  periodontitis, referred as chronic adult periodontitis, develops around 
the fourth or fifth decade of  life, its progression is relatively slow and the severity of  bone loss 
is related to the microbial deposits (Ripamonti 1988). The course of  the condition starts with 
the loss of  bone at the alveolar margin with the progression of  bone loss in apical direction 
(Dias and Tayles 1997). A second type called prepubertal, juvenile or rapidly progressive periodontitis 
is commonly seen in young individuals (in their twenties) although it has been recorded in 
individuals from prepubertal period up to 35 years of  age. This process is characterised by its 
rapidity and severity, the alveolar destruction occurs during weeks or months, causes complete 
tooth loss and it is associated to specific periodontal pathogens (Manson and Lehner 1974; 
Page et al. 1983a,b; Saxen 1980).
The oldest cases of  hominins affected by the condition are Plio-Pleistocene African 
specimens dated between 2.5-3 Ma (Ripamonti 1988, 1989; Ripamonti et al. 1997). The 
researchers identified periodontal disease in the adult mandibles of  individuals belonging to 
Paranthropus robustus, specimens SK34, SK46 and SK12, and Australopithecus africanus specimens 
Sts52, Sts7 and Sts24 from the South African sites of  Swartkrans and Sterkfontein respectively. 
Ripamonti and Petit (1991) noticed that although the pattern of  alveolar bone loss was 
similar in both species, the degree of  severity and the pattern of  occurrence were different. 
These differences could be related to dietary preferences, masticatory habits, immunologic 
differences and/or a more pathogenic oral flora (Ripamonti 1989; Ripamonti and Petit 1991); 
as it has also been hypothesized for other conditions such as carious lesions (Grine et al. 1990). 
The case of  Sts24 is particularly interesting since it is the first published case of  prepubertal 
periodontitis (Ripamonti 1988). An exhaustive study, including SEM and CT techniques, 
revealed a morphologic remnant of  a polyhedric structure (similar to that of  the Sharpey’s 
fibres attachment to the cementum tissue) on the root surface, loss of  alveolar bone with 
root exposure (up to the furca in the case of  the molars), dental migration, and corticalization 
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of  the exposed alveolar bone. This type of  condition is normally seen in individuals with a 
homeostatic dysfunction of  polymorphonuclear leucocytes (PMNL) and/or monocytes (MN), 
as an isolated condition or as part of  a hereditary syndrome (Ripamonti 1988, 1989; Ripamonti 
and Petit 1991; Ripamonti et al. 1997).
Figure 6.1. 
Within the genus Homo there are several cases of  periodontal disease. Probably the most 
noteworthy and striking case is that of  Dmanisi Skull 4, specimens D3900 (cranium) and D3444 
(mandible), named “edentulous” with a chronology of  1.7 Ma (Lordkipanidze et al. 2005, 
2006). Individual Skull 4 represents the oldest case of  almost complete ATL, except for the 
two mandibular C, accompanied by extensive alveolar resorption. According to Lordkipanidze 
and colleagues (2005) the extreme alveolar resorption, caused by generalised ATL, together 
with the cranial suture obliteration could evince the advanced age of  this individual. However, 
we believe that is necessary to re-evaluate the aging diagnoses, for the dental loss, proposed by 
Lordkipanidze et al. (2005). The degree of  suture closure indicates that the cranium belonged 
Edentulous classification of  the maxillary and mandibular bones (after Cawood and Howell 1988).
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to an adult, but not necessarily to an old individual; it is known that the life expectancy of  
Pleistocene populations did not exceed 40 years old (Bermúdez de Castro 1996; Bermúdez 
de Castro et al. 2003b). Moreover, the scarcity of  post-cranial remains associated to this 
individual prevents a more accurate age assessment. We performed the study of  the maxillary 
and mandibular bones through the inspection of  pictures. We followed Cawood and Howell 
(1988) classification to assess the degree of  edentulism. The resorption process was slightly 
more advanced in the maxilla, since the only remaining part is the basal bone. On the contrary, 
the mandibular bone still retains minimal alveolar bone on its anterior part, at the level of  
the canines’ alveoli (see Table 6.1 and Figs. 6.1 and 6.2). Based on the signs exhibited by the 
alveolar bone and considering the possible age of  the individual, we propose two possible 
diagnostic hypotheses: chronic adult periodontitis vs rapidly progressive periodontitis. The 
similar classification of  edentulism in the upper and lower maxilla and between sides evinces 
the pervasive character of  the process and its homogeneity (affecting both maxilla in a quasi 
identical manner). In addition, the age estimation matches the age range given for the second 
condition, and it makes more plausible that this individual suffered from rapidly progressive 
periodontitis. 
The two adult mandibular fragments KNM-ER 730 and KNM-ER 731 assigned to 
Homo ergaster species, with an age of  1.6 Ma, from the East African site of  Koobi Fora (East 
Rudolf, Kenya) also exhibit signs of  periodontal disease. KNM-ER 730 is a left fragment of  
the mandibular body with three molars in situ. The teeth are severely worn with the dentine as 
the occlusal surface (Category 8 of  Molnar, 1971); moreover, the alveolar bone presents signs 
of  resorption. KNM-ER 731 is an edentulous left mandibular fragment that suffered from 
severe periodontal disease (Day and Leakey 1973). 
According to Walker and Leakey (1993) the mandibular bone of  the Homo ergaster, 
KNM-WT 15000 (also known as Nariokotome boy) with an age of  1.6 Ma (West Turkana, 
Kenya), displays signs of  periodontal disease at the location of  the P
4
 and M1. 
Table 6.1. 
Edentulous classification of  Skull 4 (Dmanisi) and La Chapelle-aux-Saints individuals.
 
Class assessment based on Cawood and Howell (1988) classification. 
⎯ : Unable to score due to breakage 
 
Specimen Bone Anterior Classification Posterior Classification 
Right Left Right Left 
 
Skull 4 
 
Maxilla 
 
Class VI 
 
Class VI 
 
Class VI 
 
Class VI 
Mandible Class V-VI Class V-VI Class VI Class VI  
 
La Chapelle-  
aux-Saints 
 
Maxilla 
 
Class II 
 
Class II 
 
⎯ 
 
Class V-VI 
Mandible  Class IV Class IV Class V Class VI 
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Figure 6.2. 
Edentulous individual Skull 4 from Dmanisi. Left, pattern of  bone resorption (after Cawood and Howell 1988). Right 
Dmanisi cranium (D3900) and mandible (D3444), magnification of  the maxillary and mandibular bone resorption 
due to antemortem tooth loss.  
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The taxonomic assignment of  the mandibular specimen KNM-BK-8518 (Baringo, from 
Kenya), dated ca. 510-512 ka is still under debate (see Deino and McBrearty 2002; McBrearty 
and Brooks 2000; Stringer 1993; Wood and van Noten 1986). According to Day (1986), the 
alveolar bone presents signs coincident with periodontal disease. 
Suwa and colleagues (2007) described the occurrence of  periodontal disease in the 
mandibular remains of  a Homo ergaster KGA10-1 from the Ethiopian site of  Konso-Gardula, 
dated ca. 1.4 Ma (Katoh et al. 2000). The alveolar resorption from the lingual aspect of  the LP
4
 
to the level of  the LM2/M3, together with the toothpick groove, was interpreted as consequence 
of  periodontal disease (see Fig. 1 of  Suwa et al. 2007).  
The condition has also been recorded in the Early Pleistocene specimen TE9-1 from 
TE-Atapuerca site. The mandibular fragment presented signs of  periodontal disease at several 
locations (Martinón-Torres et al. 2011a Chapter 5 Article 1 Fig. 3). 
Within the European Middle Pleistocene hominins, usually classified as Homo 
heidelbergensis, various cases of  periodontal disease have been recorded. The oldest case is 
that of  the Mauer mandible. This specimen, the holotype of  the species, was discovered in 
Heidelberg (Germany) and dated by combined ESP and U-series approx. 609±40 ka (Wagner 
et al. 2010). According to Czarnetzki and colleagues (2003a) the individual presents among 
other lesions, including trauma and hypoplastic defects, alveolar bone resorption consequence 
of  periodontal disease (Figs. 8 and 10 from Czarnetzki et al. 2003a).
The second example comes from SH-Atapuerca site. Mandibular and/or maxillary bones 
of  several individuals, including individuals XXI (best known as Skull 5, represented by a 
nearly complete cranium and a mandible), V, VII and XXVIII, have been positively identified 
to exhibit signs coincident with periodontal disease (see Gracia-Téllez et al. 2013 Chapter 5 
Article 2; Pérez 1991; Pérez et al. 1997; Pérez Pérez 2003).
In a recent article Lozano and colleagues (2013) studied a new Neanderthal maxillary 
fragment and associated teeth from the Spanish site of  Cova Foradà (Valencia). Based on the 
distance between the AC and the EDJ, the researchers justify the occurrence of  periodontal 
disease. However, due to the severe dental wear exhibited by the individual and the absence of  
a detailed morphological description of  the alveolar bone, we think that alternative hypothesis 
(such as continuous eruption) should be still explored and discussed. 
A rich assemblage of  human remains, including cranial and post-cranial remains of  
at least ten individuals, has been recovered from the deposits of  the Shanidar cave (Iraq). 
Individuals are associated to different stratigraphic layers, ranging from 60,000 BP to 45,000 
BP (for more details about the specific chronological estimation of  each individual see Vogel 
and Waterbolk 1963 and Solecki 1960, 1975 in Trinkaus 1978a). According to Trinkaus 
(1978a) three individuals, Shanidar 1, 4 and 5 exhibit signs of  periodontal inflammation and 
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ATL. Shanidar 1 exhibited erosion of  the alveolus (Plate 2 from Trinkaus 1978). Individuals 
Shanidar 4 and 5 were described as presenting extensive alveolar resorption and ATL. In 
the case of  Shanidar 4 four teeth, RM2, RM3, LM1 and LM2, were lost premortem. As for 
Shanidar 5, three teeth were lost premortem: LI2, LP3 and LP4 (Plate 7 from Trinkaus 1978). 
In a recent article Lacy and colleagues (2012) presented a detailed paleopathological 
evaluation of  the mandibular remains recovered from Zhirendong site (Guangxi Zhuang-South 
China) and associated to three individuals: Zhiren 1, mandibular fragment; Zhiren 2, M2; and 
Zhiren 3, mandibular fragment. These fossils, associated to Late Pleistocene deposits based on 
the faunal remains and confirmed by U-series (106.2 ± 6.7 ka BP), are assigned to early Homo 
sapiens (Liu et al. 2010). The individual Zhiren 1 presents acute alveolar resorption. Due to the 
minimal enamel wear exhibited by the dental remains, Lacy and colleagues (2012) suggested 
periodontal disease as the most likely cause, in contrast to continuous dental eruption (Figs. 1 
and 2 from Lacy et al. 2012).  
6.1.1.3. Alveolar cysts 
Lytic lesions involving the alveolar bone, especially in the periapical vicinity of  a tooth 
root, are a common finding in fossil and modern human collections and non-human primates 
(e.g., Lebel and Trinkaus 2002a; Lovell 1991; Pérez et al. 1997; Tappen 1985). A cyst is defined 
as a bursa of  connective epithelial tissue lining liquid or semi-liquid contents. Cysts are 
classified, depending on the aetiology of  the epithelium tissue, in odontogenic or non-odontogenic 
if  the epithelial lining derives or not from residues of  the tooth forming organ. However, it 
is difficult to apply this classification in dry bone due to the impossibility of  identifying the 
epithelium lining (e.g., Dias et al. 2007; Neville et al. 2002; Regezi et al. 2008). 
Cysts of  inflammatory origin arise from pulp infection. The bacteria can reach the pulp 
through different paths: apical foramen, caries, attrition and trauma. The inability of  the pulp 
to heal or seal once it is exposed favours the establishment of  infectious products. Once the 
bacteria establish at the pulp chamber, and due to the net of  blood vessels nourishing the 
pulp, the infection spreads instantly. The pathological process begins with the death of  the 
dental pulp. Following this necrosis, inflammation and the decay of  the soft tissues, gums 
and periodontal ligament, occur. Finally, the hard tissue, alveolar bone, will be resorbed. The 
lesion can proceed in two forms as acute or as chronic pathosis. If  the infective products remain 
in the bone creates a space-occupying lesion that forces the bone to remodel, through the 
action of  osteoclastic cells, resulting in the thinning of  the bone. This cavity is filled with 
debris that eventually will be drained to the exterior through a canal, producing the complete 
destruction of  the outer table of  the bone. Normally, this canal is formed in the buccal surface 
of  the alveolar bones, due to its thinner and less resistant bone structure. The cavity filled with 
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infectious products could also provoke root resorption. In the case of  an acute or rapid episode 
it will end with the loss of  the tooth. If  the lesion develops slowly, chronic, several episodes of  
bone remodelling (osteoclastic and osteoblastic activity) will be identified on the alveolar bone 
(Canalda Sahli and Pumarola Suñé 2006; Dias and Tayles 1997; Hillson 2005b; Milner and 
Larsen 1991; Ogden 2008a,b; Vallecillo Capilla 1998). Considering the pathological processes 
that accompany alveolar cysts, it is necessary to note that cysts are another cause of  ATL and 
therefore, of  infection and resorption of  the alveolar bone. 
Within the Australopithecus africanus fossil assemblage two cases of  periapical cyst have 
been described in two specimens from South African sites: specimen Sts24 from Sterkfontein, 
dated to approximately 2.6 Ma, and specimen MLD22 from Makapansgat with a chronology 
of  ca. 3 Ma. Ripamonti (1988), in addition to the periodontal disease described for the 
individual Sts24, also identified in this specimen a recurrent periapical abscesses that involved 
bone destruction and continued suppuration. Similarly, Aguirre (1970) described an abscess at 
the location of  the LM1 affecting the mandibular bone of  MLD22.
Early Pleistocene specimens of  the genus Homo from different locations [Eurasia 
(Georgia), East Asia (Java), Western Europe (Spain)] have been described to present signs 
characteristic of  cysts. For instance, Homo erectus Sangiran 22 (Java) presents alveolar bone loss 
at the level of  both I1s and RI2 (Kaifu et al. 2005; Tyler et al. 1995). The osteoclastic activity has 
produced the destruction of  the anterior wall of  the mandibular bone, from the alveolar crest 
all the way down to the root apex. We analysed the bone through the inspection of  the Fig. 7 
from Kaifu et al. (2005) and identified that the margins of  the lesions are rounded indicating 
the chronicity of  the event. Moreover none of  the teeth have been recovered, and thus it is 
possible that ssome were lost pre-mortem. 
Another case is that of  the individual Skull 5, specimens D4500 (cranium) and D2600 
(mandible), from the Dmanisi site. D2600 presents signs of  periapical cysts in at least two 
teeth most likely caused by the extreme dental wear (see Martín-Francés et al. 2014 in Chapter 
5 Article 4 for detailed description and discussion).  Although we did not have access to the 
skull, we present an assessment of  the dental pathologies of  D4500 through the examination 
of  the figures in Lordkipanidze et al. (2013). The maxillary dentition presents a severe occlusal 
wear, a pattern similar to that observed in D2600; that i,s the anterior teeth exhibit rounded 
and highly polished surfaces, and the posterior teeth also exhibit a basin wear pattern (see 
Table 6.2. for classification). On its anterior surface, at the location of  the RI1-I2, LI1 and LC’ 
the maxillary bone exhibits a series of  destructive lesions. On anterior and superior views 
(see Figs. 1a,c,g from Lordkipanidze et al. 2013) the margins of  the lytic lesions appear to be 
rounded and of  pathologic origin, although some postmortem damage cannot be excluded. 
The lesions present very rounded and thickened margins coincident with periapical cysts. In 
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addition, their size could suggest the chronicity of  the infectious process. The position of  the 
RP4 compared to the rest of  maxillary teeth, the increased distance between de AC and the CEJ 
at this location, together with the lack of  opposed teeth (RP
4
) could evince the post-eruptive 
movement of  the tooth. That is, the continuous eruption of  the RP4 could also confirm the 
ATM nature of  the mandibular tooth. 
Table 6.2 
Classification of  Wear categories, Wear Direction, Occlusal Surface Form and Approximal Attrition of  Skull 5, 
specimens D4500 and D2600. 
 
Tooth Wear 
Categorya 
 Wear Directiona Occlusal Surface 
Forma 
Approximal Attritional Facetb  
Buccal View Mesial View Mesial Distal 
R M3 3 6 - 31 -  
R M2 5 6 - 3 - - 
R M1 6 6 - 4 - - 
R P4 4 6 - 31 - - 
R P3 6 6 - 4 - - 
R C, 6 6 - - - - 
R I2 8 5 - 6 - - 
R I1 8 5 - 6 - - 
L I1 8 5 - 6 - - 
L I2 8 5 - 6 - - 
L C, 6 6 - - - - 
L P3 6 6 - 4 - - 
L P4 6 6 - 4 - - 
L M1 6 6 - 4 - - 
L M2 5 6 - 3 - - 
L M3 3 6 - 31 -  
R M3 4 5 6 3 1  
R M2 7 5 3 4 4 1 
R M1 8 8 7 6 4 4 
R P3 6 6 2 4 1 1 
R C, 7 - 8 4 2 6 31 2-3 2 
R I2 8 4 7 6 4 4 
R I1 8 5 7 6 4 4 
L I1 8 6 8 6 4 4 
L I2 8 5 7 6 4 4 
L C, 7 4 2 3 1 1 3 
L P3 6 4 2 4 1 3 
L M1       
L M2 7 5 3 3 4 1 
L M3 4 6 6 3 1  
a: Molnar (1971); b: Hillson (2008).  
1: initial stage, cupped patches on the surface 
2: at least degree 1.   
3:  at least degree 2. 
4:due to the heavy attrition this value is an estimation.  
-: data could not be recorded  
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According to Walker (1993) specimen KNM-WT 15000 (Nariokotome, Kenya) could 
represent a case of  death originated by a cyst. The researcher identified and described one 
abnormality at the location of  the deciduous m2. The infection created a space-occupying lesion 
that caused the loss of  alveolar height and the tooth crown, and finally, bone resorption. The 
remaining dm2 roots in the socket would have also impeded/obstructed the normal eruption 
of  the permanent P
4
 and in consequence, the latter would have rotated counter-clockwise. 
The author suggests that the infection could have reached the blood stream developing in the 
septicaemia which caused the death of  this young individual (Walker 1993).
In addition to periapical cysts, we have identified a different type of  cyst in the fossil 
record. The hominin fossil mandible (specimen ATE9-1) from TE-Atapuerca site presents a 
space-occupying lesion at the mesio-lingual aspect of  the C, root. Its location, on the coronal 
third of  the root, the absence of  a discharge canal and the lack of  a canine’s double root, 
allowed us to discard periapical cyst as possible aetiology (for a detailed pathological assessment 
of  this specimen see Martinón-Torres et al. 2011 in Chapter 5 Article 1). The location of  the 
lesion and the absence of  canal were interpreted indeed as compatible with an infectious lesion 
of  the soft tissue that most likely discharged directly through the alveolar socket. We proposed 
that the cyst was caused by the impaction of  an exogenous material, food or particles, as 
previously observed by several researchers in other animals (Freedman and Beigleman 1985; 
Hillson 2005a; Neville et al. 2002). 
In previous studies the Individual XXI (Skull 5) from SH-Atapuerca was described 
to have suffered two cysts of  different severity (Pérez et al. 1997; Pérez Pérez et al. 2003). 
Recently, we conducted a revision of  the fossil material and described a new abscess at the 
location of  the LI1. Moreover, through the application of  CT technique we also presented 
evidence that the P3 infection and its associated fistula were posterior to the maxillary osteitis 
(for a detailed description see Gracia-Téllez et al. 2013, Figs. 1 and 10, Chapter 5 Article 2). 
The most severe cases of  cysts associated to ATL are found in the species Homo 
neanderthalensis. Probably the best-known case because of  its severity is that of  the adult 
specimen of  La Chapelle-aux-Saints. In two different articles, Tappen (1985) and Trinkaus 
(1985) described the pathological signs observed in this specimen and discussed the possible 
aetiologies. During a research stage at the Muséum Nacional d’Histoire Naturelle (Paris) I 
carried out a close examination of  the original specimen. According to Trinkaus (1985) this 
individual experienced the loss of  at least 14 teeth (possibly 15) prior to his death. In total 
there are only four teeth associated to this individual. Three in situ, the root of  the LC, the 
LP
3
 and the LP4, and one isolated RM3. Although the I1s, LI2, RP4 and the I
1s and I2s were not 
recovered, it is possible that these were included in their sockets at the time of  death. Despite 
the remodelling exhibited by the alveoli fundus, the sockets are still deep enough to bear the 
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teeth, and soft tissue could also hold them. Thus, it is very likely that these teeth were lost 
post-mortem. The individual exhibits signs of  periapical cysts on the maxillary and mandibular 
bones. Trinkaus (1985) suggested an abscess as the most likely cause for the massive bone 
loss at the mandibular right side involving I1-RP3; alternatively, Tappen (1985) suggested bone 
tumour as the likely cause. On the left side, the mandibular bone exhibits a lytic lesion that 
affects the LP
3
 vicinity and it was previously described as consequence of  bone resorption 
(Tappen 1985; Trinkaus 1985). I observed that the osteoclastic activity affected both the LC, 
and LP
3
, and that the lesion (of  16 mm mesio-distal width) had destroyed the alveolar wall 
between these two teeth. Moreover, the loss of  alveolar bone height, compared to the right 
side, is more pronounced on the left side. Due to the acute bone destruction, as it was also 
suggested for the right side (Trinkaus 1985), we think that the lesion affecting the left side of  
the mandibular bone could also be the consequence of  a chronic cyst (see Fig. 6.3). 
Tappen (1985) and Trinkaus (1985) described two abscesses affecting the maxillary 
bone; one at the location of  the RI1 and the second at the RC’. Finally, the extensive ATL 
provoked the resorption of  the mandibular and maxillary alveolar bones. We classified, 
following Cawood and Howell (1988) edentulous categories, the pattern of  alveolar resorption 
in this individual (see Table 6.1). In general, the pattern of  edentulism is similar between sides, 
except for the maxillary right posterior area where a post-depositional fracture has affected the 
bone preventing the assessment. On the contrary, when comparing anterior versus posterior 
dentition, and mandibular versus maxillary dentition we found differences. The alveolar 
resorption in the anterior part of  the maxillary bone is less advanced than in the mandible. The 
anterior part of  the maxillary bone presents a category II, characterised by the presence of  
the alveolus; moreover, the bone resorption is probably related to periodontal disease and/or 
continuous eruption. For the posterior part of  the left maxillary bone we recorded a category 
V-VI, characterised by the complete resorption of  the LM1 alveolus. In contrast, the process is 
less advanced at the location of  the LM2 and the LM3, and full resorption of  the alveoli is not 
observed (Figs. 6.1. and 6.3). The resorption of  the mandibular bone was classified as category 
IV on its anterior part and as category V-VI on its posterior part. The anterior aspect presents 
loss of  height and alveolar fundus remodelling, although the alveoli are likely to still bear the 
dentition. The bone remodelling affecting the posterior aspect of  the mandible is very similar 
to the anterior one; that is, the right side is slightly more advanced when compared to the left. 
On the right side the bone presents smooth surface and complete alveoli resorption, whereas 
on the left side there are still visible islands of  unhealed bone surface.
The pattern of  enamel wear seen in La Ferrassie I has been described as unique and 
characteristic of  this adult individual. Wallace (1975) suggested that the morphology of  the 
wear pattern was not consequence of  the use of  the dentition as a tool, but caused by a diet 
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Figure 6.3. 
La Chapelle aux Saints individual. Left: pattern of  bone resorption (after Cawood and Howell 1988) due to antemortem 
tooth loss; La Chapelle cranium (bottom). Right: La Chapelle maxillary and mandibular bone resorption due to 
antemortem tooth loss; mandible (front view) of  the lesions affecting the alveolar bone (bottom). 
178
C H A P T E R 6
based on abrasive foods. During my research stage at the Muséum Nacional d’Histoire 
Naturelle (Paris) I performed a re-evaluation of  the dentition and its supporting tissues on the 
original fossil specimen. 
All the preserved teeth in this Neanderthal individual lack enamel on the occlusal surfaces, 
except for the LM3 that preserves a small enamel island on its distal surface (see Table 6.3 and 
Fig. 6.4).The maxillary alveolar crest and bone are poorly preserved, so no inferences about 
periodontal disease and/or receding bone can be provided. However, considering the severe 
dental wear exhibited by this individual it is plausible to suggest that the alveolar crest likely 
suffered recession and that probably there was at least inflammation of  the gingiva (gingivitis). 
Regarding the mandible, the overall preservation is better, allowing our evaluation and study. 
We identified three lytic lesions affecting the left side of  the mandible at the level of  the 
LC, LP
4
 and LM1 (Fig. 6.4). The left alveolar crest is preserved and presents knife-shape 
morphology, i.e., there is no evidence of  disease (Odgen’s classification category 1). At the 
vicinity of  the LC, and about 5 mm inferior to the alveolar crest margin, there is a lytic lesion 
of  spherical morphology 6 mm (width) and 7 mm (height) that has left exposed the root apex 
of  the LC,. The margins of  the lesion on its superior part are sharp. However, on the inferior 
part, the margins are rounded and there is evidence of  bone remodelling and thickening of  
the table. The alveolar bone is missing from the crest all the way down to the root apex of  
the LP
4
. Two different processes seem to have affected this tooth. The sharp morphology 
exhibited by the bone at its superior part (remaining alveolar crest) indicates lack of  disease 
(Odgen’s classification category 1) and also a possible post-depositional fracture. On the other 
hand, at the inferior part of  the LP
4
, there is a lesion of  6 mm (height) by 4 mm (width), with 
thickened margins that leave the apex of  the tooth exposed. The bone loss at the location 
of  the LM1 is the largest of  the three teeth. At this location we have identified a lesion of  
approximately 8 mm (width) by 9 mm (height), the inferior and lateral margins are rounded; 
moreover it has provoked the exposure of  both radicals. Due to its poor preservation we were 
not able to assess if  the osteoclastic process caused also the loss of  alveolar crest or if  this 
was the product of  post-depositional damage. The described signs at the location of  LC, LP
3
 
and LM1 are coincident with apical cysts that were active at the time of  the individual’s death. 
Taking into consideration the extreme dental wear of  the dentition the most likely cause of  
the cysts is pulp infection. As it can be seen in Fig. 6.4. the pulp cavity of  these three teeth are 
still exposed, meaning that the odontoblastic response failed to seal the pulp fast enough to 
avoid infection.
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Table 6.3. Classification of  Wear categories, Wear Direction, Occlusal Surface Form and Approximal Attrition of  La 
Ferrassie I.
 
Tooth Wear 
Categorya 
 Wear Directiona Occlusal 
Surface Forma 
Approximal Attritional Facetb  
Buccal View Mesial View Mesial Distal 
RM3 7 6 6 2 4  
RM2 7   6 3 3 2* 4 
RM1 8 4 6 6 4 4 
RP4 8 6 6 2 4 4 
RP3 8 5 2 2 4 4 
RC’ 8 4 3 3-4 4 4 
RI2 8 4 3 3-4 4 4 
RI1 7 4 3 2 4 4 
LI1 7 5 3 3-4 4 4 
LI2 7 6 3 3-4 4 4 
LC’ 8 6 3 3 4 4 
LP3 8 5 6 3 4 4 
LP4 8 4 3 3 4 4 
LM1 8 4 6 3 4 3* 
LM2 7 5 3 3 3* 2* 
LM3 5 5 3 3 2*  
RM3 7 4 2 2 3*  
RM2 7 4 2 2 4 4 
RM1 7 4 6 2 4 4 
RP4 8 5 6 2 4 4 
RP3 8 5-6 6 2 4 4 
RC, 8 4 7 2-6 4 4 
RI2 8 4 7 6 4 4 
RI1 8 4 7 6 4 4 
LI1 8 4 7 6 4 4 
LI2 8 4 2-7 2 4 4 
LC, 8 6 6 3 4 4 
LP3 8 6 6 2 4 4 
LP4 8 6 2-7 6 4 4 
LM1 8 2-8 2 3 4 4 
LM2 8 2-8 6 2 4 4 
LM3 7 4 2 2 4  
a: Molnar (1971); b: Hillson (2008).  
*: due to tooth contact, we provide an approximate score base on the thinning of the enamel rim on occlusal 
view 
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Figure 6.4. 
La Ferrassie I individual. Cranium and mandible right side view (top), inferior view (centre) and left side view (bottom). 
Magnification of  the alveolar cysts affecting the right side of  the mandibular bone (bottom).
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Tooth Wear 
Categorya 
 Wear Directiona Occlusal 
Surface Forma 
Approximal Attritional Facetb  
Buccal View Mesial View Mesial Distal 
RM3       
RM2       
RM1       
RP4 8 6 6 6   
RP3 8 2 6 6   
RC’ 8 2 4 4   
RI2 8 6 6 2   
RI1       
LI1       
LI2 8 6 5 6   
LC’ 8 2 5 2   
LP3 8 2 5 6   
LP4 8 2 5 3   
LM1       
LM2 7-8 - - -   
LM3       
-: unable to assess due to a fracture 
	  
Table 6.4. 
Wear categories; wear direction, occlusal surface form and approximal facets of  Gibraltar 1.
Equally extreme is the enamel wear pattern exhibited by the Neanderthal specimen 
Gibraltar 1 (see Table 6.4 and Fig. 6.5). Little attention has been given to the dental remains of  
this adult individual and the paleopathological analysis of  the fossil remain has been restricted 
to the endocranial structure (Antón 1997; Broca 1869; Hrdlička 1930). Due to the lack of  studies 
including dentognathic pathologies, I carried out the study of  the original specimen held at the 
Natural History Museum (London). 
The specimen presents some post-depositional damage affecting the neurocranium, 
maxillary bone and the alveolar crest. The dentition of  this individual is characterised by the 
lack of  enamel, it has been completely worn off  leaving as occlusal surface the root. In some 
cases the deposition of  dentine has sealed the pulp cavity whereas in other cases the pulp cavity 
remained exposed (see Fig. 6.5). At least three teeth appear to have been lost premortem, the 
RM1, LM1 and the RI1. The alveolar bone at the location of  the LM1 underwent resorption 
and the alveolar socket has no depth; in addition the alveolar bone has suffered recession 
with obvious height difference compared to the adjacent locations. The RM1 exhibits lower 
degree of  bone resorption compared to the LM1, and the alveolar socket is deeper, although 
initial process of  bone turnover is observable (Fig. 6.5). As for the RI1 in comparison to 
the left one, the socket is shallower and the bone has undergone resorption. In all the cases 
182
C H A P T E R 6
there are no clear signs of  lesions of  osteolytic nature. However, considering the degree of  
dental wear, the most likely hypothesis is that the ATL of  these three teeth was secondary 
to pulp infection. As mentioned above, the postdepositional erosion has damaged the 
alveolar bone preventing the evaluation of  a possible resorption, as well as processes such 
as continuous eruption. However, considering the degree of  dental wear it can be presumed 
that continuous eruption occurred to some extent in order to enable masticatory function. 
Fenestrations, an opening of  quadrangular morphology that do not involve the alveolar margin; 
and dehiscences, an opening of  “v” shape with alveolar margin destruction (Clarke and Hirsch 
1991b; Davies et al. 1974; Hillson 2008b; Nimigean et al. 2009; Rupprecht et al. 2001) can be 
consequence of  excessive occlusal forces, thin alveolar bone or tooth misalignment (Nimigean 
et al. 2009, Rupprecht et al. 2001). These signs can be observed in hominins but are also 
commonly seen in gorillas and chimpanzees (Dean et al. 1992). In Gibraltar 1, the complete 
and extended alveolar bone loss that affects the anterior surface and leaves the dental roots 
of  all teeth exposed, could also be a consequence of  one of  these mechanisms.  However, the 
post-depositional damage obscures the identification of  the signs that would indicate if  these 
are either fenestrations and/or dehiscences, or on the contrary, bone loss due to depositional 
processes. Considering the extreme dental wear observed in this individual, and despite the 
post-depositional alterations, it is likely that to some extent at least part of  the openings could 
be consequence of  excessive occlusal forces and/or thin alveolar bone (Fig. 6.5).  
The Middle Pleistocene site of  Bau de l’Aubesier (Vaucluse, France) has yielded several 
human fossil remains, with a chronology of  170-190 ka, belonging to Homo neanderthalensis 
(Blackwell et al. 2001; Lebel et al. 2001; Trinkaus et al. 2000). According to Lebel and Trinkaus 
(2002a) the individual Aubesier 11, represented by a mandibular fragment, was affected by 
pervasive dental pathologies that included severe alveolar resportion at the buccal surface, 
antemortem tooth loss (RM2), antemortem tooth breakage (RC, and RP3), and signs of  two 
active apical abscesses, one affecting two teeth (RI1 and I2) and the second at the location of  
the RP
4.
 In addition to those, the authors identified signs of  a third apical abscess that was 
healed at the time of  death and that probably was the cause of  the ATL of  RM2 (see Figures 
6-8 from Lebel and Trinkaus 2002a). 
In the Neanderthal assemblage from the Spanish site of  El Sidrón, dated ca. 48.400 ±3200 
BP (Rosas et al. 2006b; Wood et al. 2013) the Individual 2, represented by a left hemimandible 
(SDR-007-008), presents signs coincident with cysts (Dean et al. 2013; López-Valverde et 
al. 2012). Dean and colleagues (2013), with the application of  CT technique, concluded that 
this adult individual suffered from a periapical granuloma involving the LC, and associated 
to a developmental abnormality, as well as the fracture of  the tooth crown. In addition, a 
dentigerous cyst developed around the crown of  the impacted LC, and two sinuses were 
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Figure 6.5. 
Gibraltar 1 individual. Cranium frontal and lateral views (top), inferior view (bottom). Magnification of  the occlusal 
surafces of  the dental remains (bottom).
identified associated with it, one on the location of  the LC, and the second beneath the mesial 
root of  the LM1 (see Figs. 1-4 from Dean et al. 2013). 
Various specimens of  early Homo sapiens species exhibit pathological signs in relation to 
apical cysts. Late Pleistocene Individual Zhiren 3 from Zhirendong site (South China) presents 
bilateral osteolytic lesions at the location of  the P
3
s. Lacy and colleagues (2012) described the 
lesions and concluded that the one on the RP
3
 corresponded to a granuloma; whereas, on the 
LP
3
 the granuloma developed into a chronic abscess (see Figs. 4, 6-8 from Lacy et al. 2012).
The maxillary bone and dental remains of  Broken Hill 1 present numerous pathological 
signs, together with an unusual enamel wear caused by a pervasive pathological process (Table 
6.5 and Fig. 6.6). Puech and colleagues (1980) identified four lesions of  lytic origin along 
the maxillary bone at the location of  the LI2, LM1, LM2 and LM3. During a research stay at 
the Natural History Museum (London) the author of  this thesis had access to the original 
specimen and conducted a re-evaluation of  the dental pathologies. The osteolytic lesion is 
located at the level of  the LC’ instead of  the LI2. In addition, I observed a similar lesion at the 
level of  the RM1 that left exposed both radicals. The bone destruction originated at the apex 
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Figure 6.6. 
Broken Hill 1. Cranium inferior and frontal views (top). Bottom: magnification of  the dental remains on occlusal view 
(left) and magnification of  some of  the cysts affecting the alveolar bone (right).
 
 Tooth Wear 
Categorya 
 Wear Directiona Occlusal 
Surface Forma 
Approximal Attritional Facetb  
  Buccal View Mesial View  Mesial Distal 
RM3 - - - - -  
RM2 2-3 2 4 - 2 - 
RM1 2-3 2 4 - - - 
RI1 7 2 6 1 4 4 
LI1 7 2 6 1 4 4 
LI2 7 2 5 1 4 - 
LC’ 6 2 5 2 - - 
LP3 6-7 2 4 - - - 
LM2 2-3 2 4 - - - 
LM3 2-3 2 6 3 -  
a: Molnar (1971); b: Hillson (2008).  
-: data could not be recorded due to the damage of the tooth crowns 
	  
Table 6.5. 
Classification of  Wear categories, Wear Direction, Occlusal Surface Form and Approximal Attrition of  Broken Hill 1.
The lesion of  rounded morphology presents rounded margins, and created a void of  certain 
depth in the bone. The observed characteristics would correspond to an apical cyst, most likely 
consequence of  pulp infection due to enamel loss (Fig. 6.6).
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of  the mesial root. 
6.1.1.4. Visible cementum deposition (hypercementosis)
Cementum is the dental connective tissue with attachment functions that covers the root 
of  the tooth (Bosshardt and Selvig 1997; Ten Cate 1998). Depending on its origin, composition 
and function cementum is classified as acellular, located on the coronal 2/3 of  the root, and 
cellular, found on the apical third of  the root and on the inter-radicular surfaces of  multirooted 
teeth (Azaz et al. 1974; Bosshardt and Selvig 1997; Dastmalchi et al. 1990; Freeman 1998; 
Ten Cate 1998; Yamamoto et al. 1998). Cementum layers are laid down throughout life as a 
consequence of  the physiological process of  aging and its accompanying dental movements 
(e.g., mesial drift) and wear processes, that increase progressively the external root thickness and 
changes its appearance (Akiyoshi and Inoue 1963; Azaz et al. 1974; Bosshardt 2005; Bosshardt 
and Schroeder 1996; Bosshardt and Selvig 1997; Dastmalchi et al. 1990; Freeman 1998; 
Kagerer and Grupe 2001; Nanci and Bosshardt 2006; Ten Cate 1998; Yamamoto et al. 1998; 
Magiot and Black, in Zander and Hürzeler 1958). Together with the external morphological 
changes, Pappen et al. (2011) and Pinheiro (2005) observed that the deposition of  cementum 
also altered the internal anatomy of  the root with the formation of  accessory root canals, 
apical delta and deviation of  the main root canal.  In occasions it has been observed that the 
continued deposition exceeds the physiological limits of  the tooth, and according to various 
authors it becomes pathologic, the condition is known in medical literature as hypercementosis 
(Azaz et al. 1974, 1977; Consolaro et al. 2012; Corruccini et al. 1987; Leider and Garbarino 1987; 
Lumerman and Tamagna 1967; Luzardo and Galué 1963; Pappen et al. 2011; Pinheiro 2005; 
Pinheiro et al. 2008; Weinberger 1954; Zemsky 1931).  The pathological processes identified 
that could trigger this overproduction include: excessive mechanical demands (that can result in 
severe attrition, pronounced dental migration and post-eruptive movements), infection, tooth 
impaction, and systemic disorders (Armitage et al. 1983; Azaz et al. 1977; Bender and Hargreaves 
2002; Comuzzie and Steele 1989; Consolaro et al. 2012; Corruccini et al. 1987; Hillson 2008b; 
Lumerman and Tamagna 1967; Pinheiro 2005; Weinberger 1954; Zemsky 1931). Despite 
several studies have identified and classified the excessive cementum production, to date, the 
principal issue which researches have to face is the identification and establishment of  the 
thickness threshold and parameters from which cementum deposition should be considered 
pathologic or not (e.g., Pappen et al., 2011; Pinheiro et al. 2008). Numerous studies have 
documented the pathological origin of  cementum deposition (hypercementosis) in modern 
and fossil collections (e.g., Martinón-Torres et al. 2011a; Pinheiro 2005; Zemsky 1931). 
The recently published paleopathological study of  Dmanisi specimen D2600 mandible 
revealed, with the aid of  CT images, the conspicuous hypercementosis affecting the LC, root 
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(Margvelashvili et al. 2013).  Considering the advanced stage of  wear the authors proposed 
that the condition is related to high masticatory/paramasticatory loads (see Fig. S2C from 
Margvelashvili et al. 2013). At present, this individual would represent the oldest case of  
hypercementosis in the human fossil record. Although we did not have access to the mCT 
images we are in disagreement with Margvelashvili and colleagues (2013). We could not identify 
in the fossil roots neither in the images of  the article evidence of  cementum deposition. 
In 2011, as part of  the pathological study of  a mandibular fragment (ATE9-1) from 
TE-Atapuerca, Martinón-Torres and colleagues (2011a) developed a technique based on 
mCT images. The pixel value was considered to be a good proxy to differentiate between 
the “original” and the “newly” deposited cementum (see Methods from Martinón-Torres et 
al. 2011a Chapter 5 Article 1). The application of  the technique in all four dental remains 
resulted in the positive identification and metric values of  the newly deposited cementum that 
extensively affected all teeth. Thus, this Early Pleistocene individual from TE site became at 
that time the earliest evidence of  hypercementosis condition in the fossil record.  
In light of  these findings the PhD candidate engaged herself  in the design of  a study 
perusing the objective of  identification and characterization of  the cementum deposition in 
the dental roots of  the SH sample. Preliminary results are available and include a classification 
of  the morphology and degree of  root involvement, mCT processing, quantitative data and 
surface and location of  the deposition. The study is still in preparation and it is expected to 
yield further information related to the physiopathology of  the hyperproduction. A total of  
three works, two concluded and one still in progress, have been carried out so far. Preliminary 
results were presented at the AAPA Congress (Martín-Francés et al. 2011a) and posteriorly at 
the First ESHE Congress (Martín-Francés et al. 2011b); the third one, the Article is included 
here (Martín-Francés et al. in prep. Chapter 5 Article 8). Broadly, these studies document a high 
prevalence of  visible cementum deposition in the root surfaces of  the dental sample, with 
older individuals affected more severely. Older individuals had a higher number of  affected 
teeth, a more heterogeneous pattern and greater involvement of  the root compared to the 
younger individuals. Moreover, these individuals also presented major degree of  affected roots 
in posterior versus anterior dentitions. The results about cementum deposition in combination 
with previous pathological reports led us to hypothesise that the visible cementum documented 
in the SH tooth roots could not result exclusively from aging, but other factors could have also 
played an important role, such as severe occlusal demands and infectious processes.
Numerous individuals of  the Neanderthal species have been reported to exhibit 
thickening of  the roots and diagnosed as hypercementosis. Brothwell (1963) described the 
condition in Gibraltar 1, La Ferrassie I and Monsempron, and suggested as possible causes 
severe attrition and mechanical demands. 
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Mugharet el-Kebara site (Israel) has yielded a rich human fossil complex that includes 
cranial and postcranial elements of  one adult individual (KMH 2) and dental remains of  at 
least 28 sub-adult individuals (Bar-Yosef  et al. 1992). KMH 2 partial skeleton was unearthed 
from Level XII and dated by ESR and TL to 64,000-60,000 BP. (Schwarcz et al. 1989; Valladas 
and Valladas 1991), the remains of  this individual were assigned to Homo neanderthalensis species 
(e.g., Arensburg et al. 1985; Gómez-Olivencia et al. 2009; Rak 1991). In total three individuals 
have been positively identified to exhibit hypercementosis. Bar-Yosef  and colleagues (1992) 
identified hypecementosis in the dental remains of  KMH 2 individual. Tillier and colleagues 
(1995, 2003) described cement apposition in two individuals of  the collection KMH 27 and 
KMH 6. The  LI2 of  KMH 27 exhibited thickening of  the root diagnosed as hypercementosis 
(Fig. 1 from Tillier et al. 1995). The oldest individual of  the Kebara assemblage, KMH 6, 
represented by a right maxillary fragment with the M1 and the M2 included, was also described 
as exhibiting root hypercementosis in both molars associated to infectious process (see Fig. 4 
from Tillier et al. 2003). 
In the city of  Krapina, about 50 km north of  Zagreb (Croatia), on the Hušnjakovo Hill 
is located the Krapina rock shelter. Between 1899 and 1905 the site was excavated under the 
direction of  Dr. Gorjanović-Kramberger and yielded a rich human sample, together with stone 
tools and faunal remains. The human collection contains approximately 900 hominin fossil 
remains, of  which 281 are dental, assigned to Homo neanderthalensis; and the lithic assemblage, 
composed majorly of  scrapers, has been associated to Mousterian technology. The dating, by 
ESR and U-series, suggested an age for the site between 120-130 ka. This Upper Pleistocene 
site has provided one of  the largest fossils samples, with at least 24 individuals that have 
permitted to characterise this species, identify pathologies and infer behavioural patterns (e.g., 
Monge et al. 2013; Russell 1987; Wolpoff  1979). Wolpoff  (1980) identified the occurrence 
of  root thickening as consequence of  cementum deposition (hypercementosis) in numerous 
roots of  the Krapina dental remains. 
The excavation of  the Crimean site of  Kiik-Koba by Bonch-Osmolovskii, between 1924 
and 1926, uncovered three Middle Paleolithic levels (III, IV and VI) with evidence of  human 
activity including hearths, pits and burials.  The burials were found in the deepest level (VI) 
and comprised of  two skeletons Kiik-Koba 1, an adult individual; and Kiik-Koba 2, an infant, 
associated with fauna and stone tools. The morphological characteristics of  the post-cranial 
elements assigned the two individuals to the Neanderthal species. The dating of  the deposit 
(level VI) by biochronological data, fauna of  temperate and cold climate, and the Mousterian 
technology give an approximately age between 87-71 ka, early OIS 4 or late OIS 5 (Bonch-Os-
molovskii 1940, 1941, 1954 in Trinkaus et al. 2008). Individual Kiik-Koba 1 comprises 73 
skeletal elements of  the hand, leg and foot; and one RC,. According to Trinkaus and colleagues 
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(2008) the root of  the RC, exhibits moderate cementum deposition covering 2/3 of  the root, 
except the coronal third, on its labial surface (see Fig. 1 from Trinkaus et al. 2008). 
Grotte du Renn, located 200 km southeast from the city of  Paris (France), is one of  the 
caves within the karstic system of  Arcy-sur-Cure that was excavated from 1949 to 1963 and 
exposed a large stratigraphic section. A total of  fifteen units (I to XV) were identified and 
divided into subunits (Layers). The cultural remains recovered from the different layers were 
associated to Gravettian, Aurignacian and Châtelperronian technologies. In addition a set of  
isolated human teeth were recovered from the Châtelperronian layers [VIII, IX, and X (a, b, 
and c)]. The dating of  the site prior the 1980s presented certain inconsistencies; thus new 
dating method was applied. Dating by 
14
C Accelerator Mass Spectrometry (AMS) gave an age 
for the Châtelperronian remains between 34,450 ±750 BP and 33,820 ±720 BP (David et al. 
2001). Leroi-Gourhan (1958) assigned the human remains to Homo neanderthalensis species; a 
posterior morphological analysis of  the dentition confirmed this taxonomic assessment (Bailey 
and Hublin 2006).  In the study of  the Arcy-sur-Cure dental assemblage Bailey and Hublin 
(2006) observed that three teeth (specimens No. 6, No. 7, and No. 13) exhibited signs of  
hypercementosis. In the specimen No. 6 is associated with continuous eruption in relation to 
enamel wear, while in No. 7 conspicuous cementum deposition is most likely the consequence 
of  the tooth impaction and its lack of  use, and the hypercementosis of  tooth No. 13 is of  
unknown cause since the enamel crown is slightly worn. 
Le Cabec and colleagues (2013) included, in addition to the morphological characte-
rization of  the Neanderthal anterior dentition, a section about root hypercementosis. The fossil 
collection under study comprised various species of  the genus Homo, including 95 Neanderthal 
teeth from different locations (e.g., Spy Cave, Le Moustier, El Sidrón). The sample also included 
dental remains that had been previously described to exhibit hypercementosis (e.g., Tillier et al. 
1995; Wolpoff  1980; the complete list of  the teeth included in the study can be found in Table 
1 from Le Cabec et al. 2013). The characterization of  the hypercementosis expression included 
location, frequency and metric data. Preliminary results indicated that the entire Neanderthal 
sample exhibited cementum deposition in different degrees. The researchers concluded that, 
because of  its commonalty, it should not be described as pathologic, and hypothesized that the 
most likely cause for the cementum deposition could be mechanical demands.  However, in 
our opinion, although the deposition of  cementum could not be considered pathological per 
se, we must consider it as part of  a bigger pathological entity. We believe that this growth could 
be similar to bone growths (osteophytes) in the joints. That is, osteophytes act as stabilizers 
of  the joints under stress circumstances; thus, cementum deposition could also function as a 
stabilizer of  the tooth position. 
In 1954 Stones (in Brothwell 1963) described the condition in two maxillary molars of 
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Broken Hill 1. Brothwell, opposite to the diagnostic proposed for Gibraltar 1, La Ferrassie 
I and Monsempron, hypothesize that the most likely cause of  the root thickening was an 
infectious process (Brothwell 1963). 
The individual Zhiren 2, represented by a M2 or M3, from the Late Pleistocene Chinese 
site of  Zhirendong has been described as exhibiting cementum deposition in the apical 2/3 
of  the root surface (see Fig. 3 from Lacy et al. 2012). Considering the large carious lesion 
affecting the tooth, researchers concluded that the hypercementosis in this mandibular molar 
is probably related to an infectious origin (Lacy et al. 2012).
6.1.1.5. Dental calculus
“Calculus” is defined as a deposit of  mineralized plaque adhered at the enamel surface. 
Its composition is about 80% inorganic, mainly crystalline salts, and 20% of  organic components: 
proteins, carbohydrates, and lipids. Depending on the location, calculus has been classified as 
supragingival, when attached to the enamel cervix following the gingiva margin, and subgingival, 
when it forms on the root surfaces as these become exposed due to continuous eruption, 
gingival recession and dehiscence (Dobney and Brothwell 1987; Forsberg et al. 1960; Greene 
et al. 2005; Hillson 2002). Supragingival calculus normally affects those teeth closer to the salivary 
glands, lingual surface of  anterior teeth and buccal surfaces of  molars, since the minerals that 
constitute it derive from the saliva. On the contrary, minerals from subgingival calculus come 
from crevicular fluid exudate from the gingival margin; thus, these deposits are more prevalent 
in interproximal and lingual surfaces of  the tooth, and no tooth class preference has been 
recorded. Apart from differences in the composition and location, subgingival calculus has a 
characteristic brownish colour. It is harder and more firmly attached to the surface compared 
to the supragingival calculus (Greene et al. 2005; Roberts-Harry and Clerehugh 2000). In the early 
stages calculus is living plaque that consists of  the same type of  oral bacteria causing dental 
caries (Greene et al. 2005). 
Dental calculus has been described in three dental remains (LI2, LC, and LP4) of  ATE9-1 
from TE-Atapuerca. Martinón-Torres and colleagues (2011a) described and classified it as 
supragingival calculus, although in all the cases it has extended slightly over the CEJ and into 
the root surface (Martinón-Torres et al. 2011a; Chapter 5 Article 1 Figs. 2, 5, 7 and 8). 
Homo antecesor specimen H1 from TD-Atapuerca site presents supragingival calculus 
on the buccal surfaces of  the isolated dental specimens ATD6-10, RM1 and ATD6-11, LM1 
(Martín-Francés, 2007 and see Fig. 6.7).  
Several specimens of  the SH hominin collection have been recorded to exhibit calculus 
deposits. According to Gracia-Téllez and colleagues (2013) the Individual XXI (Skull 5) from 
SH-Atapuerca site presents bilateral dental calculus on the maxillary and mandibular posterior 
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dentition. Initially the calculus was deposited supragingivally, however as the gingiva receded 
the calculus extended into the root surfaces (Gracia-Téllez et al. 2013 Chapter 5 Article 2 see 
Figs. 2 and 4). 
Boxgrove site is located within a complex of  sand and gravel quarry at the South Downs, 
10 km north from the current shoreline of  the English Channel and 7 km east of  Chichester 
(Sussex, England). The excavation of  the site for the last forty years has provided extensive 
information about this Middle Plesitocene site with evidence of  human activity registered 
throughout the complete geological sequence (Hillson et al. 2010; Roberts et al. 1994; Stringer 
et al. 1998). The human remains were recovered during the archaeological campaigns of  
1993, 1995 and 1996, along with faunal and stone tool assemblages. At present the hominin 
collection consists of  a tibia, left diaphysis fragment, and three mandibular dental remains, 
LI2, RI1 and the root apex of  RI1, unearthed from Trench (Q1/B) Units 8ac, 4/3M and 4u, 
respectively (Hillson et al. 2010; Stringer et al. 1998). The dating of  the site by mamammalian 
biostratigraphy, Arvicola terrestris cantiana, indicates a deposition at the final interglacial of  the 
“Cromerian Complex” (MIS 13), approximately 500 ka. Morphological and biomechanical 
studies indicate that the individual(s) had the same anatomical characteristics as European 
Middle Pleistocene populations, so the human remains were assigned to Homo heidelbergensis 
(Hillson et al. 2010; Roberts et al. 1994; Trinkaus et al. 1999). Hillson and colleagues (2010) 
Figure 6.7. 
Calculus deposits in Homo antecessor specimens ATD6-10, RM1 (left), and ATD6-11, LM1 (right). (Fotos: GAD).
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described extensive dental calculus in Boxgrove 2, RI1 and Boxgrove 3, LI2. The calculus 
deposits are supra- and subgingival, although the latter affects a larger area compared to the 
supragingival calculus. According to the researchers, the extensive deposits along the roots are 
consequence of  alveolar dehiscence that left the root surfaces exposed. The authors suggest 
strong mechanical forces, in particular leverage applied to the front teeth, for the origin of  the 
dehiscence (Figs. 3 and 4 from Hillson et al. 2010). 
Dental calculus has largely been recorded in Homo neanderthalensis species, e.g., Kebara 2 
(Vandermeersch et al. 1994), Subalyuk 2 (Arensburg 1996; Pap et al. 1995), Adult 2, 3, 4 and 
5 from El Sidrón (Hardy et al. 2012), Spy I and II, La Chapelle-aux-Saints, La Ferrassie 
I and II (for a complete list of  specimens displaying dental calculus see SOM Table 1 from 
Henry et al. 2014) and Krapina individuals (Wolpoff  1980) among others. Currently analyses 
of  calculus have been mostly conducted in Neanderthal dental remains to identify bacteria and 
infer dietary preferences and subsistence activities (Hardy et al. 2012; Henry et al. 2014; Pap et 
al. 1995; Vandermeersch et al. 1994).
6.1.1.6. Carious lesions
Dental caries is a chronic, diet-microbial, site-specific disease producing the progressive 
demineralization of  the dental tissues, enamel, cementum and dentine, by organic acids 
through bacterial fermentation of  dietary carbohydrates. Dental caries is rarely found before 
the adoption of  the agriculture; the massive introduction of  cultivated carbohydrates into 
the diet spread the condition worldwide. Today, it is one of  the most common oral diseases 
recorded in modern humans, both present and archaeological populations (DeWitte and 
Bekvalac 2010; Hillson 2008a,b; Larsen et al. 1991; Reich et al. 1999; Zero et al. 2009).  The 
disease has a complex multifactorial aetiology where several factors interplay: the hosts’ saliva 
and nature of  dental tissues, the microflora (bacteria present in the plaque), and the diet (Reich 
et al. 1999; Zero et al. 2009). Bacteria are normal components of  the oral microflora, only 
when an imbalance in the pH occurs does the proportions of  pathogenicity arise and the 
plaque deposits became cariogenic by producing organic acids more rapidly. Dental tissues are 
particularly vulnerable to caries in two moments. First, when the tooth erupts into the mouth: 
at this stage the enamel is not completely mineralized. The second is when teeth are affected 
by developmental defects of  the enamel, such as hypoplasia. The buffering effect of  the saliva 
is crucial for raising the low pH to neutral; therefore, low salivary flow is considered a risk 
factor for the development of  carious lesions (Hillson 2008a,b). Dietary sugars are regarded 
as cariogenic foods; in particular sucrose has the strongest relation with the development of  
dental caries. Although starches are not considered cariogenic per se, when high-starch foods 
are combined with sugars they have the potential to be cariogenic (Hillson 2008a,b; Reich et 
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al. 1999; Zero et al. 2009). Other foods, such as animal fat and dairy products are thought to 
protect the enamel crown against caries with the formation of  an “impermeable” lipid layer; 
the low rate of  caries in Inuit, for instance, is believed to respond to a diet based entirely on 
animal foods (Hillson 2002; Larsen 1995; Zero et al. 2009). According to Larsen and colleagues 
(1991), modifying factors can also interplay with the three main factors in the dental proneness 
to caries, such as size and shape of  the dental crown, periodontal disease, wear degree, etc. 
Moreover, in the case of  carbohydrate foods, recent studies recognise the frequency of  
carbohydrate ingestion as the most significant dietary factor for the development of  dental 
caries (Hashim et al. 2009 and Nelson et al. 2009 in Tomczyk 2012). The initial appearance of  
the carious lesion is a white or brownish spot in the dental enamel. It progresses in size and 
creates a cavity, destroying the dentine and, in cases where the pulp is exposed, it can derive into 
pulpal infection (Hillson 2008a,b; Larsen et al. 1991). Studies about frequency and distribution 
of  dental caries in different modern populations have revealed location (surface) susceptibility. 
In the crown, the lesions basically affect the occlusal and the interproximal surfaces, whereas 
in the root they affect the boundary with the enamel (CEJ). Compared to uni-cuspid dentition, 
incisors and canines, molars and premolars are more vulnerable to occlusal caries due to the 
fissure and fossae system of  their surfaces. Continuous eruption may influence the occurrence 
of  interproximal and radicular caries, since the tooth movement leaves these surfaces exposed 
to plaque accumulation. Similarly, periodontal disease would favour the development radicular 
carious lesions. Finally, women appear to be more predisposed to caries than men (Albashaireh 
and Al-Shorman 2010; Hillson 2008a,b; Larsen et al. 1991; Reich et al. 1999; Zero et al. 2009). 
From a human evolutionary perspective, the low frequency of  carious lesions recorded in 
the fossil collections, only a few cases in the genus Australopithecus, early Homo and early Homo 
sapiens, is striking when compared with modern population frequencies. Although the causes 
behind this are still poorly understood, scholars have provided dietary, biochemical, chemical 
and behavioural arguments to support the lack of  dental caries in early species (Boydstun et al. 
1988; Grine et al. 1990; Hillson 2008a,b; Sołtysiak 2012; Tillier et al. 1995). The “meat-eaters” 
hypothesis has traditionally justified this scarcity as result of  a diet primarily based on meat 
products. Some of  the advantages of  meat consumption are the non-cariogenicity of  animal 
proteins, its contribution to form proper enamel structure that avoids rapid demineralization 
and protection against the attachment of  plaque to the enamel surface (Boydstun et al. 1988; 
Grine et al. 1990; Larsen et al. 1991; Trinkaus et al. 2000). Moreover, studies about recent 
Inuits support the meat-eater hypothesis. Results report a positive correlation between low 
frequency of  carious lesions and diet largely based on meat products (Hillson 2008a; Larsen 
et al. 1991). 
The earliest examples of  carious lesions are recorded in the genus Paranthropus. From 
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Swartkrans site (South Africa) human remains including two maxillary fragments with teeth in 
situ, SK13/14 and SK55, and an isolated mandibular molar, SKX5023, were recovered from a 
deposit dated between 1.8 and 1.5 Ma and assigned to Paranthropus robustus species (Brain et al. 
1988 in Grine et al. 1990). The dental remains of  these specimens show signs coincident with 
four carious lesions. Robinson (1952) documented dental caries in the dental remains of  both 
maxillary bones. The LM2 of  the specimen SK13/14 presents a lesion affecting the occlusal 
surface and involves the paracone cusp. On the other hand, the LM1 of  the SK55 palate 
has two pits on the buccal aspect of  the metacone cusp. Moreover, both molars are severely 
affected by enamel hypoplasias. According to the authors, the hypoplastic defects could have 
served as “weak” points for the initiation of  the carious lesions. Grine and colleagues (1990) 
described two interproximal carious lesions affecting the mesial and distal surfaces of  the RM1, 
SKX5023, that belonged to a young adult individual, but in this case no hypoplastic defects 
were recorded in the molar. 
Also from the site of  Swartkrans, human remains of  at least eleven individuals assigned 
to Homo ergaster species have been also recovered. Individual Member 2, SK15, exhibits two 
interproximal dental caries on the RM2 of  different severity. Severe tissue loss affects the 
mesial surface compared to the smaller lesion seen in the distal surface (Clement 1956 in Grine 
et al. 1990). 
Despite the large dental collection recovered from the Atapuerca sites (TE, TD, SH), 
carious lesions have not been recorded in any of  the three groups. If  factors such as severe 
dental wear, diet, behaviour (use of  toothpick) interplay for the lack of  dental caries needs to 
be further investigated. For instance, dental calculus analysis could provide evidence about the 
diet and oral bacteria of  these species.  
Traditionally, Neanderthals were considered to rely almost exclusively in meat-products 
as their principal dietary source; indeed, animal fat is one of  the most energetic natural 
foods. However, this hypothesis has been recently challenged by virtue of  chemical, dental 
and archaeological data. For instance, residues of  nuts were recovered from the Kebara cave 
deposits (Bar-Yosef  et al. 1992). The analysis of  dental calculus performed in Shanidar and 
El Sidrón dental remains identified traces of  cereals and legumes, carbohydrate compounds, 
starch granules and azulene compounds that could evince the consumption of  nuts, greases 
and possibly green vegetables (Hardy et al. 2012). In addition, micro- and macrowear studies 
have also provided insights about the type of  food consumed by some species (e.g., Fiorenza 
et al. 2011; Scott et al. 2005). In light of  this new body of  evidence, the meat-eater hypothesis 
needs to be reconsidered and aspects related to it, such as lack of  caries, further investigated. 
In a recent study, Sołtysiak (2012) provided a novel and interesting approach: he postulated 
that the low caries frequency in Neanderthals could be related to the absence of  cariogenic 
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bacteria species prior to the appearance of  anatomically modern humans. In disagreement 
with this hypothesis, Tomczyk (2012) presented evidence of  the identification of  the bacteria 
species in the calculus deposits of  two individuals Kebara 2 and Subalyuk (Arensburg 1996; 
Pap et al. 1995; Vandermeersch et al. 1994). On the other hand, Tillier and colleagues (1995) 
discuss that a severe and rapid wear pattern, as seen in Neanderthals, would be the principal 
cause for the lack of  recorded dental caries in this species.  
So far only six Homo neanderthalensis individuals, involving seven teeth with a total of  
eight lesions, have been described to exhibit carious lesions. These include three from Spain 
(Lalueza et al. 1993b; Walker et al. 2011), two from France (Lebel and Trinkaus 2002; Trinkaus 
et al. 2000) and one from Israel (Tillier et al. 1995). 
The description of  carious lesions in the Mandible 1 from Banyoles is one of  the first 
involving Neanderthal fossil remains (Lalueza et al. 1993a). The mandible was recovered in 
1887 from a travertine quarry of  the Pla de la Formiga, near the Spanish town of  Banyoles 
(Gerona). Due to its early discovery it has been difficult to obtain information about the precise 
location of  the finding (Julià et al. 1987). Pla de la Formiga is a small depression of  the Banyoles 
Lake filled with carbonated ground waters that progressively formed a travertine limestone. 
The first description of  the mandible was by P. Alsius in 1907. In 1915, Hernández-Pacheco 
and Obermaier assigned this specimen to the Homo heidelbergensis species. Half  a century later, 
de Lumley (1973) attributed the mandible to an adult female individual. Radiometric dating by 
U-Th of  the travertine and biogeographical indicators gave an age between 45.000-100.000 
BP (Lalueza et al. 1993b). This mandible preserves in situ the complete dentition, and shows 
severe dental wear, reflected in the lack of  enamel on the majority of  teeth with the exception 
of  both M
3
s. In addition, Lalueza and colleagues (1993a,b) described two carious lesions on 
the occlusal surface of  the LM
3
, that initiated in the fissure system. 
Recently, two new cases of  dental caries from the Spanish site of  Sima de las Palomas 
(Murcia, Spain) were published (Walker et al. 2011). Sima de las Palomas is located in Cabezo 
Gordo marble massif, it consists of  an 18 m vertical karstic shaft filled by dolomitic limestone 
and emptied during the 19th century by miners. Since 1991 a sedimentary column, along 
the miners’ shaft, divided into three segments, Lower, Intermediate and Upper Cutting, have 
been systematically excavated under the direction of  Dr. Walker yielding human and faunal 
remains, as well as stone tools (Walker et al. 2008, 2010). The human sample, assigned to Homo 
neanderthalensis, consists of  three-associated partial skeletons, 10 mandibular and 3 maxillary 
fragments, and a total of  106 teeth that have been found associated to Mousterian lithic 
artifacts. Dating of  the site by U-series, 
14
C and paleoclimatological data gave an age for the 
upper sediment fill of  43 ka cal. BP. Las Palomas represents one of  the youngest Neanderthal 
sites in the Iberian Peninsula (Walker et al. 2008). Palomas 25, Rdm1, and Palomas 59, 
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adult left mandibular fragment with five teeth in situ C,-M2, were recovered from the Upper 
Cutting-Level 2f.  The Palomas 25 exhibits an occlusal dental caries affecting mainly the 
lingual aspect of  the crown (see Fig. 1 from Walker et al. 2011), whereas X-ray images of  
Palomas 59 revealed interproximal lesions on the LM1, distal surface, and LM2, mesial surface, 
coincident with dental caries (see Figs. 2 and 3 from Walker et al. 2011). 
From Middle Pleistocene site of  Bau de l’Aubesier two carious lesions have been 
described (Lebel and Trinkaus 2002a; Trinkaus et al. 2000). Aubesier 5, isolated Rdm1, exhibits 
a carious lesion, superior to the CEJ, and associated to it an enamel hypoplasia located on the 
lingual surface of  the tooth crown (see Figs. 1 and 2 from Trinkaus et al. 2000). This is one 
of  the few cases where the dental caries is not located either on the occlusal or interproximal 
surfaces. Trinkaus and colleagues (2000) suggested that the hypoplastic defect could have been 
a predisposal factor for the development of  the carious lesion. Aubesier 12, isolated RM1, 
exhibits large root caries, located at the coronal third, between the cervix and the distobuccal 
root; in addition, the enamel crown displays a faint linear hypoplasia and two hypoplastic 
pits (see Figs. 1 and 2 from Lebel and Trinkaus 2002a). Due to the different location of  the 
carious lesion and the hypoplastic defects no relation between the two was suggested (Lebel 
and Trinkaus 2002a).
Specimen Kebara 27 (LI2) exhibits a carious lesion affecting the lingual surface of  the 
tooth, 2 mm superior to the CEJ (see Fig. 1B from Tillier et al. 1995). According to the authors 
the development of  the dental caries in this individual is related to the strong shovel-shaped 
morphology of  the tooth and, in particular, to the marked lingual pit (Tillier et al. 1995). We 
believe that if  this was the case, this type of  lesion should be more common in Neanderthals 
or in the SH individuals in which features such as shovel shape are highly frequent. However, 
the frequency of  caries in these groups is very low/absent. 
Possibly the most impressive case of  carious lesions of  the entire fossil record is that of  
Broken Hill 1. This individual presents 13 maxillary teeth in situ (RI1, RC’-RM3; and LI1, LI2, 
LP4-LM3). Carious lesions affect eleven of  them, except for both I1s. Six teeth, RC’ -RP4, RM3and 
LP4-LM1, have suffered complete coronal destruction leaving the tooth roots and pulpal cavities 
exposed. Three teeth, RM1, RM2 and LM2, present the crowns and roots partially destroyed 
and two teeth, LI2 and LM3, present small pit-like carious lesions on the occlusal surface (Fig. 
6.6). Several aetiological hypotheses, such as dietary and behavioural, have been suggested 
to explain the rampant polycaries exhibited by this individual. Constable (1973) suggested 
the ingestion of  large amount of  high-sugary foods, in particular honey, as a possible cause. 
Koritzer and Hoyme (1979) justified the dental caries due to a deficiency in the composition of  
the enamel tissue. By contrast, Puech and colleagues (1980) found the lack of  hygiene and the 
unfamiliarity with the use of  toothpick to be the most likely cause. Finally, Bartsiokas (1989 in 
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Bartsiokas and Day 1993) suggested chronic lead poisoning throughout the individual’s life as 
a possible main cause. The hypothesis was further supported by the presence of  Tanquerel’s 
lines in the teeth and histological findings of  lead in the associated femur (Bartsiokas and Day 
1993). 
Individual Zhiren 2, RM2 or RM3, presents a carious lesion that affects the disto-lingual 
surface of  the tooth. The large caries has produced the destruction of  the crown and the root 
(see Fig. 3 from Lacy et al. 2012) but due to its size, Lacy and colleagues (2012) could not 
determine the site of  initiation.  
Qafzeh cave is a rockshelter in the region of  Gailee near the city of  Nazareth (Israel) and 
was excavated in two periods, first under the direction of  Neuville and Stekelis (1933-1934) 
and later by Bar-Yosef  and Vandermeersch (1965-1979). The dating of  the site by series of  
Thermoluminiscence (TL) and Electro Spin Resonance (ESR) gave an age between 90-130 
ka BP (Schwarcz et al. 1988; Valladas et al. 1988). The complete human sample comprises 
the skeletons of  seven mature and nine immature individuals, assigned to early Homo sapiens, 
which were recovered from layer XVII, except the immature Individual 11, who was found 
in layer XXII (Vandermeersch 1981). The deposits of  Qazfeh cave have yielded evidence of  
the modern behaviour of  these individuals, such as burials, use of  ochre, Mousterian industry 
and use of  shells as pendants (Bar-Yosef  Mayer et al. 2009; Hovers et al. 2003; Vandermeersch 
1981). Qafzeh 3 consists of  neurocranium, fragments of  facial skeleton, twelve permanent 
teeth and several post-cranial fragments that probably belonged to an old adult female 
individual (Trinkaus and Pinilla 2009; Vandermeersch 1981).  In a first article, Boydstun 
described one carious lesion in the dental remains of  this individual (Boydstun et al. 1988). In 
a posterior revision of  the material, Trinkaus and Pinilla (2009) described pre-mortem lesions 
coincident with dental caries in three teeth (LM1 and RI
1
 and RI
2) two interproximal and one 
occlusal (Figs. 1-4 from Trinkaus and Pinilla 2009). Firstly, LM1 exhibits a lytic lesion on the 
distal enamel surface located inferior to the contact facet; it did not extend into the root and 
neither affected the LM2. Secondly, the RI
1 presents a lesion on the mesial crown surface that 
is also restricted to the enamel tissue. The third lesion is located on the occlusal surface of  the 
right RI2 and involves its mesial region. The authors determine that due to the morphological 
characteristics the three lesions correspond to dental caries (Trinkaus and Pinilla, 2009). 
The rock shelter of  Es-Skhul is located at the western slope of  Mt. Carmel, 3 km south 
of  the city of  Haifa (Israel), and from the Mediterranean shore. McCow excavated the site 
between 1931 and 1932 and distinguished three stratigraphical units: A, B and C. Layer A 
contained Natufian, Aurignacian and Mousterian stone tools along with faunal remains, Level 
B yielded the remains of  at least ten individuals, the entire human sample yet recovered from 
the site, together with Musterian artifacts and faunal remains; Level C contained just sparse 
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lithic industry. The complete sample comprises nine adults and one immature individual. 
Three of  the individuals (IV, V, IX) were interpreted as burials, and Skhul V had enclosed in 
the arms a wild boar jaw that could represent the earliest evidence of  grave goods (d’Errico et 
al. 2010; Grün et al. 2005; Mercier et al. 1993). The morphological variations observed in the 
skeletal remains were initially interpreted as Neanderthal features (McCown and Keith 1939 
in d’Errico et al. 2010) but they were finally assigned to early Homo sapiens (e.g., Niewoehner 
2001; Stringer et al. 1989; Trinkaus 1993). Dating studies included ESR, U-series and TL of  
faunal teeth and burn flint gave an age for the site between 43-134 ka (McDermott et al. 1993; 
Mercier et al. 1993; Stringer et al. 1989). Posterior dating of  human remains by ESR and 
U-series indicated an age between 100-135 ka (Grün et al. 2005; Vita-Finzi and Stringer 2007). 
As proposed for Qafzeh individuals, artifacts such as perforated shells, traces of  pigments in 
three objects, intentional inhumations as well as unique morphological characteristics related 
to functional aspects could indicate the emergence of  modern human behaviour (d’Errico 
et al. 2010; Niewoehner 2001; Vanhaeren et al. 2006). McCown and Keith (1939 in Tillier 
et al. 1995) assigned the skeletal remains of  Skhul II to an adult, 30 to 40 years old, female 
individual. Sognnaes (1956) described an enamel defect on the RM2 of  this individual, the 
lesion affecting the distal, interproximal, surface of  the dental crown, superior to the CEJ, and 
was interpreted to be the consequence of  a carious lesion. 
To summarize, carious lesions in early Homo species are extremely rare. The scarcity of  
dental caries recorded in the fossil assemblage is noticeable compared to the rich dental sample 
recovered. The reason behind the lack of  carious lesion remains unclear, more research on the 
physiopathology of  the condition and the main causes should be developed.
6.1.1.7. Dental Enamel Hypoplasia (DEH)
Enamel hypoplasia is a developmental defect caused by the disruption of  ameloblasts, 
enamel-producing cells, during the enamel matrix secretion phase, thus reducing its thickness 
and affecting the external morphology of  the tooth surface. Depending on the morphology 
of  the defect, the Federation Dentaire International (FDI) identifies three categories: pits, 
single or multiple, grooves, vertical or horizontal, and areas missing enamel. Since enamel does 
not remodel, DEH is an indelible source of  physiological stress suffered by the individual in a 
specific period of  time, during the crown formation. Moreover, it allows frequency comparison 
between species and populations (e.g., Goodman and Armelagos 1988; Goodman and Rose 
1990; Hillson and Bond 1997; King et al. 2005; Skinner and Goodman 1992). Perikymata are 
the surface expression of  the internal incremental lines, striae of  Retzius, which have been 
calculated to have a formation periodicity between 8-11 days. Thus, timing of  the hypoplastic 
defects can be calculated by counting the number of  perikymata between the DEH and the 
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tooth cervix (Guatelli-Steinberg 2004; Hillson and Bond 1997; King et al. 2005; Reid and Dean 
2000). Hillson and Bond (1997) suggested the existence of  a relationship between enamel 
hypoplasia and the internal enamel structure, affecting differently various teeth and regions 
within a tooth. The perikymata spacing affects the dimensions of  the hypoplastic defects; that 
is, locations with perikymata widely separated develop broader hypoplastic defects (Hillson and 
Bond 1997). Linear Enamel Hypoplasia (LEH) is the most common defect of  the three types. 
LEH are essentially horizontal furrows of  either numerous pits arranged linearly or a groove 
across the enamel surface (Hillson and Bond 1997; Suckling 1989). Three factors can cause 
the hypoplastic defects: localized trauma, physiological stress episodes or, in rare occasions, it can be 
inherited. In inherited conditions the entire dentition is affected and the individual is likely to have 
other congenital abnormalities. In contrast, when a localized trauma occurrs only a single tooth, or 
the adjacent teeth will be affected, and the antimere(s) will not present such defect. Physiological 
stress episodes include weaning, birth, environmental and nutritional stress and illness episodes, 
such as fever or infections (e.g., Neiburger 1990; Skinner 1996; Suckling 1989). Scholars (e.g., 
Goodman and Armelagos 1988; Moggi-Cecchi et al. 1994) suggest that nutritional stress is the 
most likely factor to contribute in the formation of  enamel defects, in particular the weaning 
process is regarded as a physiological stress-episode in the child’s life. 
Guatelli-Steinberg  (2003,  2004) conducted a very complete study of  LEH in 
Plio-Pleistocene hominins from East and South African sites, analyzing 604 permanent teeth 
that included 297 Australopithecus, 201 Paranthropus and 106 Homo specimens (for a complete list 
of  the samples see Tables 1-3 and Appendix Table 1 of  Guatelli-Steinberg 2004). The results 
revealed little difference in the prevalence of  LEH between Plio-Pleistocene species. On the 
contrary, mandibular incisors proved to have statistical value, and the long-forming canines of  
Australopithecus and Homo exhibited more defects compared with short-forming Paranthropus 
canines, implying that shorter period of  crown formation would result in lower disruption of  
growth. Moreover, the Australopithecus enamel defects were broader than those of  Paranthropus, 
indicating a longer period of  growth disruption. Guatelli-Steinberg (2004) suggests that the 
differences observed in the duration of  stress episodes can be due to shorter crown formation 
times and greater resistance of  Paranthropus teeth. The author identified the occurrence of  the 
enamel defects with weaning episodes (Guatelli-Steinberg 2003). 
In the study about the dental developmental pattern of  Homo antecessor, Bermúdez de 
Castro and colleagues (1999) concluded that this species had a modern-human-like pattern. A 
subsequent study of  the immature mandible H5 confirmed the results (Bermúdez de Castro 
et al. 2010). Martín-Francés (2007) described the occurrence of  DEH in the dental assemblage 
of  Homo antecessor from TD-Atapuerca site. To determine the DEH moment of  occurrence, 
and in light of  the modern-like developmental pattern of  the species, Martín-Francés (2007) 
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applied Reid and Dean (2000, 2006) metric method. Preliminary study about DEH in Homo 
antecessor concluded that 14 teeth belonging to three individuals, H1, H3 and H7, presented 
enamel defects (see Table 6.6 and Figs. 6.8-6.10).    
H1 presents the highest frequency of  affected teeth with a total of  nine. Two defects, 
corresponding to two different moments of  occurrence, were recorded in seven teeth; the 
first occurred when the individual was between 1-2 years old, and the second around three to 
four years of  age (Fig. 6.8). Dental remains of  Individual H3 present pitting in three teeth, 
and the event occurred at two years of  age (Fig. 6.9). Finally, H7 was recorded to have two 
teeth affected by a single LEH which occurred around four years of  age (Fig. 6.10). All enamel 
defects are located on the buccal surface of  the crown, except for two that also affect the 
lingual surface (for a detailed description of  the DEH in Homo antecessor see Table 6.6). 
Further studies, including counting of  perikymata, are needed to provide a more accurate data 
about the time of  occurrence and to interpret adaptive mechanisms of  these hominins to the 
environment. 
   
 
Individual Specimen Tooth Defects Locationc Agec 
Number a Morphology b,c 
 
 
 
 
H1 
ATD6-7 Right P3 2 1 / 1 Bucco-lingual/Buccal 1.5/3.5 
ATD6-8 Right P4 2 1 / 2 Buccal/Buccal 4.5 
ATD6-13 Left C’ 2 1 / 2 Labial/Labial 2.3/3.6 
ATD6-13 Left P3 2 1 / 2 Buccal/Buccal 2/3 
ATD6-9 Left P4 1 1 Bucco-lingual 4 
ATD6-3 Right P3 2 1 / 2 Buccal/Buccal 1/3 
ATD6-4 Right P4 2 1 / 2 Buccal/Buccal 2.5/3 
ATD6-5 Right M2 1 1 Buccal/Buccal 4.5 
ATD6-1 Left C, 2 1 / 1 Labial 2.5/3.8 
 
H3 
ATD6-69 Right C’ 1 2 Labial 2 
ATD6-69 Right P4 1 2 Buccal 2.5 
ATD6-69 Left P3 1 2 Buccal 1.5/2 
H7 ATD6-96 Left P4 1 1 Buccal 4 
ATD6-96 Left M2 1 1 Buccal 4.5 
a. Number of defects: numbered in corresponding order considering the location, thus different moments 
of occurrence, of the enamel defects. 
b. 1: Linear Enamel Hypoplasia (LEH) groove of either linear arranged pits or a single furrow. 2: Single or 
cluster pits without forming a linear defect.  
c. Description of the morphology, location and age of occurrence of the defects follow a cervical-occlusal 
direction.  
	  
Table 6.6.
Dental Enamel Hypoplasia (DEH) defects in Homo antecessor species from Gran Dolina site (Ataperca).
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Currently, three studies about DEH have been performed in the dental assemblage of  
SH-Atapuerca (Bermúdez de Castro and Pérez 1995; Cunha et al. 2004; Pérez-Pérez and 
Gracia 1998). The study by Cunha and colleagues (2004) analyzed the larger dental sample 
that consisted of  475 teeth, 467 permanent and 8 deciduous. The researchers recorded 
enamel defects in 25 permanent teeth, or 4.6% of  the total, and the calculated mean age of  
defect occurrence was around 2.9 years. In light of  the results, the scholars suggested that 
the development of  enamel defects would be related to the metabolic stress associated with 
weaning. The lower frequency observed for SH individuals, compared to Neanderthals, could 
further imply a good adaptation of  these hominins to their environment and suggest that 
severe nutritional stress was not that common (Cunha et al. 2004). 
Among all hominins, Neanderthals show the highest frequency of  DEH (Molnar and 
Molnar 1985; Ogilvie et al. 1989; Rosas et al. 2006b; Skinner 1996). The study of  enamel 
defects in Neanderthals include single report cases such as Aubesier 5, isolated Rdm1, where 
a pit on the lingual surface of  the tooth crown has been recorded (see Figs. 1 and 2 from 
Trinkaus et al. 2000) and Aubesier 12, isolated RM1, exhibits a faint LEH and two hypoplastic 
Figure 6.8. 
Dental Enamel Hypoplasia in Homo antecessor individual H1. Top (from left to right): ATD6-1, LC,; ATD6-8, 
RP4; ATD6-13, LC’ and LP3; and ATD6-9, LP4. Bottom (from left to right): ATD6-5, RM2; ATD6-3, RP3; 
ATD6-4, RP4; and ATD6-7, RP3. (Fotos: GAD)
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Figure 6.9. 
Homo antecessor individual H3, specimen ATD6-69, bone and dental remains. Frontal and inferior views of  the 
maxillary bone (top). Bottom: Dental Enamel Hypoplasia in ATD6-69 (from left to right): RP4 , RC’ and LP3. 
Abnormal position of  the LM3 (right). (Foto: Elena Lacasa Marquina)
pits located on the bucco-mesial and buccal surfaces of  the crown respectively (see Figs. 1 
and 2 from Lebel and Trinkaus 2002b), although studies of  larger samples have also been 
performed (e.g., Molnar and Molnar 1985; Ogilvie et al. 1989; Rosas et al. 2006b). 
A total of  five individuals from El Sidrón were positively identified to have suffered 
different episodes of  developmental stress. From these, Adult 3 and Adolescent 2 are more 
severely affected than the rest of  individuals. The calculated mean ages of  occurrence for the 
events are at 4 and 12 years. According to this data, the researchers suggest two periods of  
physiological stress: the first would coincide with the weaning period and the second related to 
nutritional stress during adolescence. However and despite of  the severity and high frequency 
Figure 6.10. 
Homo antecessor individual 
H7, hemi-mandible specimen 
ATD6-96. Mandibular bone 
left view (top). Dental Enamel 
Hypoplasia in ATD6-96, 
LM2. (Fotos: GAD).
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of  the growth arrest periods in this population, the authors highlight their survival through the 
developmental stress events (Dean et al. 2013 see Fig. 5c,d,e; Rosas et al. 2006b). 
Two contemporaneous studies have investigated the frequency of  DEH in Krapina 
dental remains (Molnar and Molar 1985; Ogilvie at al. 1989). In their article, Molnar and Molar 
(1985) recorded hypoplastic defects in 13 out of  18 individuals. Maxillary dentition presented 
more teeth involved compared to the mandibular dentition, and canines were the most affected 
dental class. In contrast, molars were the least affected by hypoplastic defects (for a complete 
list see Table 1 from Molnar and Molnar 1985). In addition to the Krapina sample, Ogilvie and 
colleagues (1989) included specimens from other European sites, e.g., La Quina, Saccopastore; 
and Near-East sites, e.g., Shanidar, Kebara, Amud (for a complete list see Appendix A and B 
from Ogilvie at al. 1989). Of  the 669 analyzed teeth, 241 presented enamel defects; in 195 of  
these teeth the recorded defect was single, whereas 46 teeth exhibited two or three separated, 
hypoplastic defects. The frequency of  DEH is slightly higher in maxillary teeth compared to 
mandibular teeth; by dental class I1 and mandibular M1 presented the highest frequency of  
hypoplastic defects. The calculated mean ages of  occurrence for the events are 3.9 years, and 
the second peak is at 11.4 years. The authors suggested as primary cause nutritional deficiencies 
combined with indirect stress, such as infections or trauma (Ogilvie at al. 1989).
Skinner (1996) investigated the frequency of  DEH in immature hominins. The dental 
sample consisted of  569 teeth from 106 individuals of  Homo neanderthalensis and Homo sapiens 
species from Late Pleistocene Eurasian sites (for a complete list of  the sample included in the 
study see Table 1 from Skinner 1996). For the study, Skinner (1996) divided the sample into 
Middle and Upper Paleolithic individuals. Overall, he identified more hypoplastic defects in 
permanent teeth than in deciduous teeth, however no frequency difference between maxillary 
and mandibular dentitions was found in the two samples. In contrast, differences were found 
in the time of  DEH occurrence between Middle and Upper Paleolithic individuals. When 
analysing DEH (linear and pits) Middle Palaeolithic sample showed a peak of  developmental 
stress at 3.5 years of  age, whereas Upper Palaeolithic individuals’ peak was at 6 months of  age; 
when LEH was exclusively analysed the peak of  Middle Palaeolithic individuals occurred at 3.5 
years, however two peaks are found in Upper Palaeolithic individuals at the ages of  2 and 5 years. 
The author concluded that the difference in the time of  occurrence between populations, the 
Upper Paleolithic individuals stressed earlier in life, would respond to nutritional deficiencies 
and infectious agents caused by an increasing population (Skinner 1996) .  
6.1.1.8. Amelogenesis imperfecta
Amelogenesis imperfecta (AI) is a group of  genetic disorders that affect primarily the 
normal development of  dental enamel, causing anomalies of  the volume, structure and 
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composition. Some of  the clinical signs seen are hypomaturation, which produces crown colour 
variation, from creamy to brownish, and easy wear and chipping of  the enamel. Another 
is hypocalficification, which also causes colour variation, from opaque white to brownish, and 
enamel wear and chipping. Also, hypoplastic defects (grooves, pitting and furrows) and taurodontism 
(Aren et al. 2003; Congleton and Burkes 1979; Hart et al. 2002).  
In 1982 the site of  Melka Kunture (Ethiopia) yielded the dental remains of  a young 
individual dated to 1.5 Ma. The specimen Garba IV consists of  a right mandibular fragment 
with three teeth, dm1, dm2 and M1, in situ. Through the application of  x-rays, Zilberman 
and colleagues (2004) described external and internal defects. The authors identified severe 
enamel wear, similar smooth surface of  the enamel and dentine tissues, the occlusal surfaces 
of  Rdm2 and RM1 are excessively crenulated with small cuspules, and the buccal fissures are 
very deep and lack enamel at their bases (Figs. 3b,d; 4a,c from Zilberman et al. 2004). The 
morphological changes recorded in the mandibular remains suggest that the individual was 
affected by amelogenesis imperfecta (Zilberman et al. 2004). 
6.1.1.9. Induced marks: toothpick grooves
Intentional interproximal groves are the result of  toothpick use. These self-induced marks 
are generally located at or near the cervical line, are morphologically characterised for being 
elongated in a bucco-lingual direction, by a semicircular or tubular morphology in cross-section 
and, when observed under higher magnification, fine parallel striae running parallel to the 
groove can be identified. Posterior dentition is more frequently affected and no crown surface 
(either mesial and/or distal) preference has been observed, however, when located on the 
distal surface of  the crown, the buccal surface appears also modified.  Toothpicks are small 
sharp probes normally made of  wood, bone or metal (e.g., Bermúdez de Castro and Arsuaga 
1983; Frayer and Russell 1987; Gracia-Téllez et al. 2013; Holden 2000; Lozano et al. 2013; 
Martinón-Torres et al. 2011a; Siffre 1911; Sun et al. in press; Ungar et al. 2001). 
Scholars have suggested that toothpick usage could represent the oldest indirect sign of  
tool use. Dental probing responds to multifactorial aetiologies, proposed hypotheses to explain 
such behaviour include therapeutic purpose, for instance, to alleviate pain or discomfort caused 
by periodontal disease or dental caries; oral hygiene, that is, to remove food trapped between 
teeth due to the inclusion of  animal protein; and, idiopathic behaviour, or compulsive habit 
(Berryman et al. 1979; Hlusko 2003; Lozano et al. 2013; Martinón-Torres et al. 2011a; Sun et 
al. in press; Ungar et al. 2001; Wallace 1974).
The current evidence of  interproximal grooves is restricted to the genus Homo. The 
oldest known example dates from the Plio-Plesitocene period (1.84 Ma) and belongs to an 
African Homo ergaster, OH60, from Olduvai George site that exhibits a groove on the mesial 
204
C H A P T E R 6
surface of  a molar (Ungar et al. 2001). The complete sample includes specimens such as 
Homo habilis: specimen L.894 (RP3 and LP3) from Shungura (Boaz and Howell 1977); Homo 
ergaster specimen KGA10-1 from the Konso-Gardula mandible (Asfaw et al. 1992); Homo erectus 
from the Chinese sites of  Zhoukoudian (Weidenreich 1937) and Yiyuan (Sun et al. in press 
Chapter 5 Article 6); Homo sp. (LP
4 
) from TE-Atapuerca (Martinón-Torres et al. 2011a Chapter 
5 Article 1); Middle Plesitocene fossils from Europe: SH-Atapuerca and Africa: Thigenif  and 
Rabat (Bermúdez de Castro et al. 1997a; Gracia-Tellez et al. 2013; Senyürek 1940); Homo 
neanderthalensis specimens from the sites of  Gibraltar (Turner 1988), La Quina (Martin 1923; 
Siffre 1911), Krapina (Frayer and Russell 1987), Hortus (de Lumley 1973), La Ferrassie and La 
Chapelle-aux-Saints (Bermúdez de Castro and Pérez 1986), Banyoles (Lalueza et al. 1993b), 
and Cova Foradà (Lozano et al. 2013); and Homo sapiens (e.g., Bermúdez de Castro and Arsuaga 
1983; Lukacs and Pastor 1988). 
Middle Pleistocene population from SH-Atapuerca site show high frequency of  
interproximal grooves caused by the use of  toothpicks. Early studies by Pérez et al. (1982) 
and Bermúdez de Castro et al. (1997a) identified these marks in 20 maxillary and mandibular 
posterior teeth that corresponded to 4 individuals. Recently, Gracia-Téllez and colleagues (2011) 
performed a study that included new dental remains. The researchers identified the grooves in 
37 post-canine teeth that corresponded to 8 individuals. In particular, Individual XXI (Skull 
5) presented interproximal grooves in 11 posterior teeth. Gracia-Téllez and colleagues (2013), 
considering the morphology of  the alveolar crest and the overall health-state, concluded that 
more likely this individual used a toothpick with a therapeutic purpose, that is to alleviate pain 
(Gracia-Téllez et al., 2013 Chapter 5 Article 2 see Fig. 4). 
Lozano and colleagues (2013) described interproximal grooves on the distal surfaces of  
two postcanine teeth, LP3 and LM1, associated to specimen CF-1. This maxillary fragment 
belonged to an adult Neanderthal individual from Cova Foradà site (Valencia, Spain). Since 
signs of  periodontal disease were observed in the maxilla, the authors proposed a therapeutic 
origin for the use of  toothpick (Lozano et al. 2014 Fig. 3). However, in the images we have not 
observed changes related to periodontal disease, thus we suggest that other interpretations, 
such as removal of  impacted food, should also be considered.   
6.1.1.10. Abnormal tooth position
In addition to the DEH described in Homo antecessor individual H3, specimen ATD6-69, 
we also identified at the location of  the LM2 an abnormal tooth position (see Fig. 6.9). The 
alveolus bears the formed crown of  the LM2 and on top of  it there is a developing crown. Due 
to the position and morphology of  the tooth germ this would correspond to the crown of  the 
LM3 (Martinón-Torres pers. comm.). The position of  the LM3 is obstructing the eruption of  
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the LM2. On the posterior aspect of  the maxillary bone, close to the maxillary tuberosity, there 
is a rounded depression exhibiting macroposoity and remodelling coincident with the signs 
seen in occupying lesions or cysts, thus this lesion could have caused the displacement of  the 
LM3 tooth crown. Despite the possibility of  a tooth movement due to a lesion, the preservation 
of  the structures of  the palatine bone (pterygoid tubercle) and sphenoid (pterygoid fossa)
evince a reduced space for the LM3 eruption. The estimated age for this individual, calculated 
based on modern dental development (Bermúdez de Castro et al. 1999), is between 13 and 
15 years old. Although minimal bone deposition can occur on the posterior border and the 
maxillary tuberosity after this age (Melsen 1975), the maxillary and palate bones have reached 
their adult morphology and no significant enlargement is expected. According to Bermúdez de 
Castro and colleagues (1997c) the “modern” medio-facial morphology seen in Homo antecessor 
could be the consequence of  the retention of  juvenile morphologic characteristics, known 
as paedomorfism. At the same time Homo antecessor presents a dental development similar 
to that of  modern humans, characterised by the delay in the formation and eruption of  the 
posterior dentition compared to the anterior, with the exception of  the M3 that still retains a 
“primitive” development. That is, the mineralization of  the M3 is slightly advanced in relation 
to the M2. Possible scenarios for the condition observed in this individual include imbalance 
between degree of  dental and craniofacial development, morphological disadjustment, and/or 
dental mineralization. Firstly, the position of  the LM3 could respond to the lack of  adjustment 
between the dental and craniofacial development, although it may resolve after the complete 
growth of  the individual. Secondly, the large dentition cannot be accommodated in a “gracile” 
morphology, originating the lack of  space for the LM3. Finally, the advanced mineralization of  
the LM3relative to the LM2 could favour the malposition of  the tooth due to the lack of  space. 
Thus, we could hypothesize that the abnormal tooth position in specimen ATD6-69 would 
evince ontogenetic stress in this species, although more remains need to be found and studied 
to corroborate it. 
6.1.2. Non-specific stress indicators: Periosteal reaction 
Periosteum is a membrane that covers externally the cortical bone and is involved in 
maintaining bone formation throughout life. Bone growth is achieved through external 
apposition at the periosteum and internal resorption at the endosteum. Periosteal bone 
formation can be physiological, as seen in juveniles, or pathological, as a response to an injury 
or insult to the tissue. Thus, periosteum function is of  crucial importance during healing 
processes (e.g., Marks and Odgren 2002; Ortner 2008; Safadi et al. 2009; Waldron 2009a). 
Periosteal membrane responds to injuries by forming layers or spicules of  new bone (Ortner 
2008; Rothschild and Martin 2006). Pathological episodes that affect the periosteum are 
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diverse and include trauma, infection and tumours (Ortner 2008; Rothschild and Martin 2006; 
Schultz 2003; Waldron 2009a). Periostitis is commonly regarded as secondary and non-specific 
indicator of  other conditions, attempts to relate periosteal reactions to a specific aetiology 
have failed. Thus, studies have shown that bone can respond to different insults in the same 
manner (Pinheiro et al. 2004; Rana et al. 2009; Schultz 2003; Weston 2009; in contra see 
Rothschild and Martin, 2006). This lack of  specificity makes of  periosteal reaction one of  the 
most recorded bone changes in archaeological and fossil collections (e.g., Dawson and Trinkaus 
1997; DeWitte and Bekvalac 2011; Fennell and Trinkaus 1997; Lovell 1991; Rothschild et al. 
1995; Skinner 1991; Walker et al. 1982; Weston 2009).
This section includes those cases in the fossil record where periosteal reactions are 
described, however definitive diagnosis is not presented due to lack of  evidence. Gardner and 
Smith (2006) described periosteal abnormalities in the Krapina fossil assemblage. The authors 
observed irregular and hypervascularized cortical surface in a total of  five elements including 
two clavicles: Krapina 147 and 149; one humerus: Krapina 167, one fibula: Krapina 234.3, 
and a fragment of  femur: Krapina 257.4. All lesions, with the exception of  the femur, are 
classified as mild and localized cases. The lesion affecting the femur, Krapina 257.4, involves 
a larger area of  its cortical surface. The scattered nature of  the fossil assemblage under study 
prevented the researchers from reaching a likely diagnosis. However, the authors suggest 
that the periosteal changes described could respond to some type of  primary or secondary 
infection that, in the case of  the femur, would have been more severe. 
6.1.3. Infectious Diseases
Today infectious diseases caused by pathogens, such as viruses and microorganisms, 
bacteria fungi, protozoa and helminths, are the most common cause of  human morbidity and 
mortality (Ahmed et al. 2007). The majority of  infectious diseases, such as malaria, brucellosis 
and typhus among others, are said to be of  recent origin, in particular, after the appearance of  
agriculture (11.000 years ago) when population density became high enough for the pathogen 
to establish and spread inside the population. At least eight infectious diseases reached humans 
from domestic animals, such as diphtheria, tuberculosis, and typhus. Another important factor 
in the transmission of  animal-derived human pathogens is the phylogenetic distance; it has 
been observed that those pathogens arose primarily from mammals. For instance, primates 
have contributed about 20% of  our major human diseases (Wolfe et al. 2007). The scarcity 
of  infectious diseases, aside from local infections related to dentognathic lesions or trauma, 
identified in extinct hominins has been suggested to evince the absence of  such conditions 
during Pliocene and Early and Middle Pleistocene periods (Dobson and Carper, 1996). 
However, new data is in disagreement with the recent origin of  infectious diseases (e.g., 
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Gutiérrez et al. 2005; Kappelman et al. 2008; Wolfe et al. 2007). Life-threatening pathogens 
surely existed during early periods, however circumstances such as low population density, 
small groups and their geographical sparsity, prevented pathogen spread. The redefinition of  
the evolutionary scenario of  the Mycobacterium tuberculosis is an example of  the old chronology. 
Previous studies dated the pathogen back to 10,000 years; however, Gutiérrez and colleagues 
(2005) discovered that the extant human tubercle bacilli had a progenitor in east Africa with 
an estimated age of  three million years. These results imply the coexistence of  early hominins 
with the tubercle bacilli as well as their co-evolution. Thus, currently tuberculosis is the oldest 
identified pathogen, along with malaria, with an age between 45.000 to 80.000 years (Escalante 
et al. 2005) and typhus, with an age about 50.000 years (Kidgell et al. 2002). 
Moreover, other factors must be considered when studying infectious diseases in extinct 
hominins. First, in most of  the cases the individuals are represented by a single anatomical element 
normally with taphonomical damage. Secondly, the infectious diseases can be so virulent that no 
skeletal healing response is possible and death overcomes the individuals within days. Finally, in 
line with the other two, different pathological processes produce very similar osteological lesions; 
thus one isolated lesion in a single bone remain should be cautiously considered to represent a 
specific disease, and different potential diagnosis should always be proposed (Mays 2007; Ortner 
2003a).
6.1.3.1. Brucellosis
Brucellosis is a zoonotic disease; human contagion can be caused by direct contact with 
infected tissue, inhalation, or consumption of  infected animal products. Skeletally inflammatory 
brucellosis course in the vertebral column, and can affect the entire column, although 80% of  the 
cases affect the lumbar section. The inflammatory activity affects the antero-superior vertebral 
margin with a combination of  osteolytic activity during the first phase, followed by osteogenic 
reaction. In radiographic images, this particular morphology of  the antero-superior vertebral 
margin is known as sign of  “Pedro-Pons” (e.g., Capasso 1999; Curate 2006; Mays 2007). 
The oldest case of  infectious disease has been described in an Australopithecus africanus, 
Stw431, from the South African site of  Sterkfontein. Individual Stw431 consists of  18 
incomplete bones from the axial skeleton, pectoral girdle, upper limb, and pelvic girdle. The 
bone remains belonged to an adult male individual with an estimated age between 2.5-1.5 Ma 
(Berger et al. 2002; Toussaint et al. 2003). D’Anastasio and colleagues (2009), by means of  SEM 
and plain X-rays, examined osteoblastic and osteoclastic activity in two lumbar (L) vertebrae, 
L4 and L5 (Fig. 1 from D’Anastasio et al. 2009). The authors described osteolytic lesions on 
the supero-anterior surface of  both vertebral bodies and in the case of  L5 the lesion was more 
severe and is accompanied by osteophytes. The location and morphology of  the lesions were 
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interpreted as signs of  infectious disease, in particular of  brucellosis (D’Anastasio et al. 2009). 
Apart from the skeletal evidence, D’Anastasio and colleagues (2009) further supported 
their diagnosis with ecological and molecular data. It is suggested that this individual or the 
species, as it has been documented among chimpanzees and baboons, could occasionally have 
consumed meat. Moreover, carbon isotope results obtained from Australopithcus africanus from 
Makapansgat (South Africa) by Sponheimer et al. (1999, 2006) suggest for the species not 
only consumption of  fruits and leaves, but also food with rich Carbon-13 such as grasses 
and sedges, or animal that consumed them, or both. Furthermore, meat is regarded as an 
important component that has influenced, directed, or altered human evolution. Therefore, 
the confirmation of  the inclusion of  meat products in the diet of  Pliocene hominins would 
have important implications for human evolution. 
6.1.3.2.Tuberculosis
Throughout history, tuberculosis (TB) has been a major and common cause of  past 
populations’ deaths. In Europe, during the post-medieval period, the condition acquired 
epidemic proportions, registering peak episodes from the seventeenth to the nineteenth 
centuries. TB is also a zoonotic disease that can be transmitted to humans by consumption 
of  infected animal products, mainly contaminated milk, and human-to-human transmission 
occurs by inhalation. Thus, the route of  infection highly conditions the organ involvement. 
Human-to-human contamination is the most common route to acquire the condition, thus the 
infections develops in the lungs with posterior haematogenous dissemination (Auderheide and 
Rodríguez-Martín 1998b; Ortner 2003b; Santos and Roberts 2001). Within the skeleton, spinal 
bones count for the highest frequency of  involvement, followed by tarsals and metatarsals; 
whereas cranial bones are one of  the least affected (Table 10-1 from Ortner 2003b). The 
infection reaches the meninges following a haematogenous route; the granular lesions at the 
internal surface of  the cranium are consequence of  the pressure exerted by the inflammation 
of  the meninges (Auderheide and Rodríguez-Martín 1998b; Kappelman et al. 2008; Ortner 
2003b). TB of  the cranium is normally recorded in young children, in particular TB of  the 
cranial vault affect individuals under the age of  ten years (Aufderheide and Rodríguez-Martín 
1998b; Ortner 2003b). Santos and Roberts (2001) described three cases of  meningeal TB in 
individuals between seven and sixteen years. Of  these, only one presented clear involvement 
of  other skeletal parts, and another individual did not present further skeletal involvement. 
Prior to the case of  Australopithecus africanus, Stw431, the oldest known case of  infectious 
disease in a fossil specimen was that of  Middle Pleistocene Homo erectus from Kocabaş (Turkey), 
represented by a fragmentary calvaria (Fig. 2 from Kappelman et al. 2008). Dating by TL of  
the travertine from where it was recovered yielded an age of  510 ka. Age and sex, assessment 
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based on suture closure and metric analyses, respectively; indicate that this bone fragment 
belonged to a juvenile to young adult, between 15 to 40 years old, male individual. Kappelman 
and colleagues (2008) described the presence of  morphological anomalies in the endocranial 
surface of  the right frontal fragment. The lesions, consequence of  osteolytic activity, are 
widespread along the surface and present rounded morphology with sharp edges. The described 
lesions more likely occurred during the individual’s life in response to the inflammation of  
the meninges (see Fig. 4 from Kappelman et al. 2008). Kappelman and colleagues (2008) 
diagnosis was based on the dark-skinned hypothesis. That is, dark-skinned people suffer from 
vitamin D deficiency caused by reduced level of  Ultraviolet radiation (UVR) in high European 
latitudes. Thus, in individuals suffering from TB the low levels of  UVR would exacerbate the 
condition (Kappelman et al. 2008). Roberts and colleagues (2009) draw attention to a series of  
limitations in Kappelman’s work. According to the authors, the diagnosis of  TB on the basis 
of  the endocranial lesions morphology is premature since they are not pathognomonic of  the 
condition. Moreover, they suggest that other cases of  TB in individuals exhibiting the same 
signs should have been presented and differential diagnoses discussed. Moreover, Schultz 
(2001a) identified the macro-morphology of  these lesions as characteristic of  those caused by 
Leptomeningitis tuberculosa (Fig. 5 from Schultz 2001a). 
6.1.3.3. Transmissible Spongiform Encephalopathies
In his article, Underdown (2008) proposed Transmissible Spongiform Encephalopathies 
(TSEs) as a possible factor in Neanderthal extinction. TSEs are prion-based, progressive, 
and fatal neurodegenerative disorders that affect both animals and humans; in humans the 
disorders include Creutzfeldt-Jakob disease (CJD), kuru, Gerstmann-Sträussler-Scheinker 
syndrome (GSS), fatal familial insomnia (FFI), and new variant CJD (nvCJD). Three forms of  
infection have been identified: sporadic occurrence, when normal prions change into infectious 
form, hereditary form and transmission form, from infected tissue to non-infected tissue. TSEs are 
characterised by a long incubation period and symptoms among others include depression, 
insomnia, and paranoid delusion. Kuru disease was identified in the Fore population of  New 
Guinea where, according to the reports, it was the most common cause of  death among 
women as consequence of  ritual cannibalism (Belay 1999). Underdown (2008) built his 
hypothesis based on the Fore population case. The author hypothesizes that the Kuru model 
could reduce a population of  15.000 individuals to non-viable levels in approximately 250 
years. Thus, considering the cases of  Neanderthal cannibalism the author suggested that TSEs 
should be considered as a risk factor in the species extinction. One the major criticisms to this 
study is the lack of  evidence. Underdown (2008) does not present a single skeletal evidence of  
the disease in any Neanderthal individual, including those where cannibalism practices have 
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been documented. 
6.1.3.4. Hypertrophic Osteoarthropathy (HOA)
Hypertrophic Osteoarthropathy (HOA) manifests in primary or secondary forms; both 
forms present similar clinical signs, to name a few, periostitis of  the tubular bones, clubbing 
of  the digits and arthritis. However, primary HOA, also known as Pachydermoperiostitis, is a 
genetic, hereditary condition that originates during adolescence and is characterized by a slow 
development. Although this triad has been observed in other diseases, the particular aspects 
of  the periosteal reaction in HPO, the secondary form of  HOA, allow distinguishing HPO from 
other conditions. That is, the tubular bones are affected bilaterally and in symmetric manner, 
and involvement of  medullary cavity is not observed. The course of  the disease begins with 
the early development of  symmetrical periosteal reactions; as the disease advances clubbing 
of  the digits occur. A series of  diseases have been associated to HPO, among others, lung 
cancer, liver cirrhosis, and chronic infection (Fennell and Trinkaus 1997; Ortner 2003b; Yao 
et al. 2009).
The Neanderthal skeleton of  La Ferrassie I has been described to present severe bilateral 
periosteal reactions. The appendicular skeleton exhibits severe bilateral and symmetric lesions 
on both distal surfaces of  the femora and tibiae; mild lesions, also bilateral, have been described 
in the proximal surface of  the tibiae and on the distal part of  the fibulae (see Figs. 2-5 from 
Fennell and Trinakus 1997). The researchers suggest as more likely diagnosis a hypertrophic 
pulmonary osteoarthropathy (HPO) secondary to pulmonary infection and/or carcinoma. 
Because of  the large variety of  conditions that have associated periosteal reactions, the 
differential diagnoses presented by Fennell and Trinkaus (1997) ruled out conditions such 
as trauma, treponemal and metabolic diseases. The bilateral and symmetrical nature of  the 
lesions makes a traumatic origin very unlikely. Secondly, the lack osteoclastic lesions on the 
cranium and the spine rules out a treponemal conditions such as syphilis or yaws. Finally, the 
location of  the lesion in the femora and tibiae are also unlikely to have a metabolic origin, such 
as vitamin A intoxication or vitamin D deficiency. Thus, considering the systemic involvement 
of  the appendicular skeleton of  La Ferrassie I, together with the morphology and location 
of  the lesions, the authors suggest that this individual suffered from HPO as consequence of  
pulmonary infection or carcinoma. Furthermore, the advanced age of  the individual would 
further support secondary HOA instead of  primary HOA (Fennell and Trinkaus 1997).  
6.1.4. Metabolic disorders  
Metabolic disorders refer to those diseases that cause disruption of  normal bone formation, 
remodelling and mineralization, or a combination of  the three, resulting in altered rates of  bone 
turnover. Bone is formed of  mineral that provides stiffness to the organ, and organic matrix that 
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provides elasticity. The majority of  metabolic bone diseases affect either the mineral or organic 
matrix components of  the bone, compromising the bone structure. The imbalance in bone 
remodelling can lead to bone loss and fragility. Metabolic conditions encompass vitamin deficiency 
diseases, such as Rickets, chemical intoxication, such as Fluorosis, Osteoporosis and Paget’s disease, 
among others (Brickley and Ives 2008; Khurana and Fitzpatrick 2009; Mays 2008). 
6.1.4.1. Hypervitaminosis A
The main source of  dietary vitamin A is found almost exclusively in animals (liver, kidney) 
and on provitamin A carotenoids from plant sources (e.g., tomatoes, green leafy vegetables and 
carrots). When vitamin A is consumed the body absorbs 80% of  the ingested vitamin and 90% 
of  it is stored in the liver. After the ingestion of  large amounts of  vitamin A, acute elevation 
of  retinoids occurs and the absorptive capacity of  the intestine is exceeded, which develops 
in oxidation of  retinol to retinoic acid by the intestinal enterocytes and to the rapid formation 
of  retinoic acid from retinol in certain cells. Provitamin A is less efficiently absorbed and 
toxicity from it is largely unlikely (Penniston and Tanumihardjo 2006; Silverman et al. 1987). 
Hypervitaminosis A causes two clinical syndromes: acute, massive intake in short period of  
time, and chronic (Bergen and Roels 1965; Penniston and Tanumihardjo 2006; Silverman et al. 
1987; Waldron 2009b). The first cases of  acute hypervitaminosis A correspond to the nineteenth 
century during polar expeditions. These episodes were recorded after ingesting large 
amounts of  polar bear and dog livers; and described symptoms included skin desquamation, 
diarrhea, and skeletal pain. In one case death overcame the individual. Generally, in the acute 
episodes the symptoms resume in several days after the intake of  vitamin A (Penniston and 
Tanumihardjo 2006; Silverman et al. 1987). Chronic Hypervitaminosis A shares symptoms with 
the acute form, such as skin desquamation, dry eyes, nausea, muscle cramps and fever (for a 
complete description of  the clinical findings see Table II from Silverman et al. 1987), but in 
addition to these, skeletal involvement also occurs. Although studies have failed to specify the 
role of  vitamin A on human bone, it is known that bone cells, osteoblasts and osteoclasts, are 
direct vitamin A targets, since the receptor for retinoic acid are located in these cells. Still there 
are questions that must be answered to understand the physiopathology of  the condition, such 
as if  hypervitaminosis A produces osteoblastic or osteoclastic activity, that is, if  the vitamin 
per se causes the skeletal syndromes, or if  other nutritional conditions, such as vitamin D 
deficiency, interplay in the onset (Penniston and Tanumihardjo 2006; Silverman et al. 1987).
In the fossil record, the skeletal remains associated with the adult female Homo ergaster 
KNM-ER1808 from Koobi Fora (Kenya) and dated 1.6 ±0.1 Ma, has been described to 
present skeletal changes associated with Hypervitaminosis A (Skinner 1991; Walker et al. 1982). 
Walker and colleagues (1982) noted a generalized, bilateral and extensive periosteal reaction 
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affecting the appendicular skeleton (humeri, radii, ulnae, femora, tibia and a partial fibula) of  
this indiviudal and that in some locations the layers of  new bone reached 7 mm thick. The 
authors suggested that the osteobalstic activity would be the consequence of  chronic vitamin A 
intoxication, or chronic hypervitaminosis A, caused by consumption of  animal liver. Although 
Skinner (1991) supported this diagnosis, he proposed the consumption of  bee brood as the 
source of  intoxication. Rothschild and colleagues (1991) suggested an alternative hypothesis: 
according to them the lack of  enthesopathies in KNM-ER1808 made the hypervitaminosis A 
an unlikely diagnosis. Instead, they proposed an infectious origin, likely a treponemal infection, 
for the changes recorded in the KNM-ER1808 skeleton. 
Treponemal diseases refer to a group of  infectious conditions caused by bacteria species 
of  Treponema genus. In particular, syphilis and yaws are caused by the subspecies Trepponema 
pallidum. Signs of  yaws among others are periosteal reaction, gummatous osteitis, periostitis, 
and cortical thickening with bowing (Cole and Waldron 2011; Rothschild and Martin 2006; 
Rothschild et al. 1995). Considering the polyostotic nature of  the condition in KNM-ER1808, 
the aforementioned lack of  enthesopathies and the affected humeri, Rothschild et al. 1995 
suggested yaws as the probable condition affecting this individual. Thus, establishing the 
antiquity of  the disease together with the origin of  the genus Homo. This diagnosis, as discussed 
for other infectious disease, seems unlikely and further research in genetics is needed, as well as 
to contemplating the possibility of  bacterial spread and survival in those chronologies. 
If  hypervitaminosis A is considered a possible diagnosis, the important factor is the 
source of  intoxication, liver versus bee brood, since one or the other would further imply 
different subsistence strategies, scavenging versus gathering, for this hominin group.
6.1.4.2 Vitamin deficiency
Porotic Hyperostosis (PH) is a descriptive skeletal sign that refers to enlarged porotic, 
or sieve-like, areas of  bone tissue. Traditionally, this skeletal sign was related exclusively 
to iron-deficiency anaemia disorders, which caused a misidentification of  diseases (e.g., 
Stuart-Macadam 1987, 1992b; for a revision of  the signs and diagnosis, see Schultz 2001; 
Walker et al. 2009; Wapler et al. 2004). At present PH and Cribra Orbitalia (CO) are recognized 
not specific to one disease, but the consequence of  several conditions, including tumors and 
dietary disorders (Schultz 2001; for a complete list of  conditions see Table 6-2 from Schultz 
2003). According to Ortner (2003d), to avoid misclassification, it is important to distinguish 
between the morphological variants of  PH. That is, if  it is the result of  marrow hyperplasia 
or a superficial enlargement on the surface of  bone. In anaemia two bone processes are seen: 
destruction, or osteoclastic activity, and bone formation, or osteoblastic activity. Macroscopically, 
PH and CO changes of  anaemia are characterized by the porotic appearance of  the bone 
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surface as a result of  the thinning of  the outer table and consequent exposure of  the diploë, 
and outer table destruction as a consequence of  hematopoietic marrow hyperplasia. That 
is, expansion, also known as radial growth of  the bone diploë occurs as result of  pressure 
atrophy. In X-ray images, HP is identified by the ray-like appearance of  the bone, known as 
hair-on-end, or “hairbrush”. Macroscopically, other conditions such as bleeding around the 
skull, as seen in Vitamin C Deficiency or Infectious Conditions, can stimulate changes that 
could be confused with those described for Anaemia in porotic areas. By contrast, microscopically 
changes are easily distinguishable. In cross-sectional images the bone enlargement is limited 
to the periosteal surface, there is not enlargement of  the diploë and, therefore, the typical 
hair-on-end pattern is not observed. Moreover, normally complete obliteration of  the outer 
table does not occur (Ortner, 2003d).
In the SH population, several individuals have been identified to exhibit signs coincident 
with HP (Pérez et al. 1997; Pérez Pérez 2003). Pérez and colleagues (1997) described 
morphological changes in the orbital roof, described as a worm-like pattern with vascular 
channelling, in seven adult individuals (for a list of  the individuals affected see Table 1 and 
2 from Pérez et al. 1997). Researchers suggest that the lesions could correspond to the 
recovery phase seen in cribra orbitalia as consequence of  periods of  anaemia suffered by 
these individuals (see Figs. 2a,d from Pérez et al. 1997). According to Martinón-Torres (pers. 
comm.) a differential diagnosis should have been considered. The researcher suggests that the 
changes seen in the orbital roofs, that is, the bone deposition and anomalous vascular pattern, 
together with those seen in observed in long bone could be the consequence of  HP but also 
potentially of  metabolic origin namely, a Vitamin C Deficiency. In addition, a more precise 
diagnosis could be presented through the application of  X-ray technique to the fossil remains: 
the images could reveal the morphology of  the lesions, thus making it possible to differentiate 
between the characteristic signs of  Anaemia or Vitamin Deficiency conditions. 
As described for SH individuals, Gardner and Smith (2006) equally identified signs 
coincident with healed PH in the parietal bones of  specimens Krapina 4 and 5 (see Fig. 1 
from Gardner and Smith, 2006). Previous studies fail to identify bone changes characteristic 
of  HP in the X-ray images (Gorajanovic-Kramberger 1906 and Smith 1976 in Gardner and 
Smith, 2006). Due to the lack of  radiological signs that confirm the HP hypothesis, together 
with the low frequency of  HP seen in the Krapina assemblage, the authors preferred to leave 
the identification of  HP as a tentative suggestion. They further proposed that other factors 
different from anaemia, vitamin deficiency and parasitic infection should also be considered. 
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6.1.5. Degenerative Conditions
In multiple occasions during the process of  describing degenerative conditions 
researchers may use descriptive terms as diseases, for instance enthesopathy and osteophyte. In the 
first instance, and with the objective of  avoiding the confusion, a brief  definition of  those 
processes associated with degenerative diseases, as well as in other conditions, is given.  
Enthesopathies 
Entheses is the site of  insertion of  a tendon, ligament or articular capsule into the 
bone and, enthesopathy refers to the lesion of  these tissues. Enthesopathy is not considered 
a disease itself  but a process; it develops as consequence of  multiple disorders such as 
traumatic, degenerative, inflammatory, endocrine and metabolic conditions. Following damage 
to entheses, a repair mechanism triggers the deposition of  calcium apatite into collagen fibers, 
causing the ossification or calcification of  the insertions. In dry bone, this is seen as bony 
outgrowths that extend from the skeleton (Benjamin et al. 2006; Niepel and Sitaj 1979; Resnick 
and Niwayama 1983).  
Osteophytes
Osteophytes are bone spurs formed at the margin of  the joints, although frequently associated 
to osteoarthritis, they can also result from aging, trauma and lesions of  the soft tissue (e.g., Rogers 
2000; Rogers et al. 1987; Siddiqui and Tan 2011). The formation of  osteophyte is linked to growth 
factors and it is believed to “form from metaplasia of  synovium into cartilage with the formation 
of  chondroblasts and cartilage at the margin of  articular surfaces” (Menkes and Lane 2004; p. 1). It 
has been hypothesised that osteophytes are the skeletal response to an injured synovial joint, as an 
attempt to adapt to the injury and stabilize the joint through the limitation of  movement (Menkes 
and Lane 2004; Rogers 2000; Rogers et al. 1987, 1997; van der Kraan and van den Berg 2007). 
6.1.5.1. Degenerative joint diseases (DJD)
Degenerative joint diseases (DJD) are the second most recorded conditions, after oral 
pathologies, in both past and present human collections (Waldron 2009c). Among the wide 
range of  degenerative diseases (e.g., spondylosis, rheumatoid arthritis) osteoarthritis (OA) is 
one of  the most frequently observed (Auderheide and Rodríguez-Martín 1998c; Ortner 2003e; 
Rogers 2000; Waldron 2009c).  OA results from mechanical and biological events that result in 
the degeneration of  cartilage and its underlying bone along with bony overgrowth (Huch et al. 
1997; Waldron 2009c). OA affect mainly synovial joints, although cartilages of  the spine can 
also be involved. Synovial joints are moveable elements that consist of  ligament, joint cavity, 
fibrous capsule, synovial membrane, articular, that is, hyaline, cartilage and bone. Thus, joint 
lesion includes any damage affecting the entire joint or one of  its structures. Pathogenesis 
of  OA is believed to develop when there is an imbalance between the catabolic and anabolic 
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pathways in cartilage metabolism (Huch et al. 1997; Östör and Conaghan 2006; Rogers 2000; 
Waldron 2009c). The synovial membrane is crucial to the preservation of  the joint, as it secrets 
fluid for lubrication and removes from the articular surfaces the debris resultant from wear and 
tear. Hyaline cartilage, in contrast, is a tissue with mechanical properties but with minimum 
regenerative capacities. Despite the synovial membrane function, movement enhances the 
wear of  the cartilage that, in turn, will provoke the initiation of  the degenerative process 
(Auderheide and Rodríguez-Martín 1998c; Ortner 2003e; Pearle et al. 2005; Waldron 2009c). 
The increasing number of  new OA cases in the last decades, for instance in 2005 the Centre for 
Disease Control and Prevention (CDC; http://www.cdc.gov/arthritis/basics/osteoarthritis.
htm) estimated that 26.9 million people, in the United States, approximately 5 million people 
more than in 1990 were affected by the condition; has required new clinical investigations in 
search of  possible causes, risk factors and prevention (Felson 1990; Felson and Neogi 2004; 
Östör and Conaghan 2006; Pearle et al. 2005). OA of  the spine is normally referred to as a 
separated entity, because of  the different type of  joint, cartilaginous, involved in the disease. 
OA of  the intervertebral joints presents similar signs as the rest of  the synovial joints of  the 
skeleton, such as narrowing of  the space between vertebrae, subchondral changes, namely, 
eburnation and porosity, and osteophyte formation at the margins of  the vertebral bodies 
(Auderheide and Rodríguez-Martín 1998c; Ortner 2003e).
OA is a chronic disorder of  multifactorial aetiology. Two types of  factors are thought to 
favour the development of  OA. Generalised, or primary, factors include genetic predisposition 
related to mutation in the gene collagen II, gender, age and obesity. Local, or secondary, 
factors are comprised of  those conditions that result in abnormal mechanical load of  a joint, 
including, among others, limb alignment or ligamentous instability (Conaghan 2002; Östör 
and Conaghan 2006; Waldron 2009b; Weiss and Jurmain 2007). Characteristic radiological 
signs for the diagnosis of  OA include space narrowing, marginal bone growth (osteophytes), 
subchondral sclerosis and cysts (Huch et al. 1997; Pearle et al. 2005; Weiss and Jurmain 2007). 
Paleopathologists rely exclusively on osseous manifestations to diagnose OA, and those signs 
include marginal osteophytes, also known as lipping, eburnation, which is smooth and polished 
articular surfaces, and subchondral cysts (Auderheide and Rodríguez-Martín 1998c; Ortner 2003e; 
Rogers et al. 1987). According to some authors (e.g., Rogers et al. 1987; Waldron 2009c), in the 
absence of  marginal osteophytes and subchondral bone reaction, OA cannot be discussed as 
the cause of  articular changes.  Described clinical symptoms of  OA are joint pain, stiffness, 
dysfunction and deformity (Östör and Conaghan 2006; Pearle et al. 2005). All the synovial 
joints are not equally predisposed to develop OA; for instance, knee and first carpometacarpal 
joints are more frequently affected in comparison to elbow or ankle joints (Huch et al. 1997; 
Hutton 1987; Waldron 2009c). 
216
C H A P T E R 6
Temporo-Mandibular Joint Disease (TMJ)
Osteoarthritis of  the mandible, also known as TMJ, takes the name from the bone 
articulation between the mandible, the condyles; and the temporal bone, the glenoid fossa at 
the base of  the cranium. The signs are similar to those described for the rest of  the synovial 
joints, and the condition can involve one or both bone elements.  
The oldest evidence of  OA in the fossil record corresponds to the Australopithecus afarensis 
MAK-VP-1/12 from the Ethiopian site of  Maka, dated from 3.4 Ma. Specimen MAK-VP-1/12 
is a mandible that presents in situ RP
3
-RM
3
 and LI2-LM3, which also preserves portions of  
both condyles. White and colleagues (1993) described lesions on the mandibular condyles 
coincident with TMJ (see Fig. 2d from White et al. 1993).  
Recently, Martín-Francés and colleagues (2014) described changes affecting the 
mandibular condyle of  Dmanisi specimen D2600, associated with the cranium D4500. 
According to the authors, the articular surface of  the left condyle presented morphological 
and metrical changes compared to the right one evincing the occurrence of  TMJ in this 
individual (Fig. 2a,d from Martín-Francés et al., 2014 Chapter 5 Article 4). The onset of  the 
condition would be secondary to a set of  identified factors such as severe wear, tooth rotation, 
and enamel fracture. Although the signs observed in D2600 condyle are quite determinant of  
TMJ, assessment of  the temporal bone left glenoid fossa is necessary to further support the 
TMJ diagnosis. 
Signs of  TMJ have also been described in the right temporal bone, specimen ATD6-17, of  
a Homo antecessor immature individual from TD-Atapuerca (Pérez Pérez 2003; Martín-Francés 
2007). Martín-Francés (2007) identified, in the right temporal glenoid fossa, the occurrence of  
two independent processes that were most likely related and caused by the same condition. 
there is an osteolytic activity affecting the articular surface of  the fossa and a remodelling 
activity at the posterior aspect of  the fossa rim. These signs could evince the intial phases of  
TMJ, however the fragmentary nature of  the assemblage makes the diagnosis process difficult 
(see Fig. 6.11). 
About 70% (six individuals) of  the individuals from SH-Atapuerca have been recorded 
to manifest signs of  TMJ, including adult, Skull 4 and Skull 5, and inmature, Skull 6 and Skull 
7, individuals (Pérez and Martínez 1990, 1992; Pérez-Pérez and Gracia 1998; Pérez et al. 1997). 
La Chapelle-aux-Saints individual suffered from TMJ (Tappen 1985; Trinkaus 1985). 
The diagnosis is based on the morphological changes, flat articular surface, porotic area and 
osteophytes, recorded on the right condyle (see Fig. 2 from Trinkaus 1985; and Fig. 6.3). 
According to Trinkaus (1985), the lack of  changes seen in the glenoid fossa is evidence of  the 
recent onset of  the condition. 
Wallace (1975) described similar signs, namely, flattening of  the articular surface, 
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Figure 6.11. 
Homo antecessor specimen ATD6-17. Fragment of  the right temporal bone with glenoid fossa (left) and magnification of  
the bone remodelling on the posterior surface of  the glenoid fossa (right) (Photo: GAD). 
osteophytes and subchondral damage, in the left condyle of  La Ferrassie I. All these changes 
were interpreted as characteristic of  TMJ (Fig. 6.4). 
Specimen Krapina 59 is a well-preserved complete mandible that presents in situ all 
teeth except three: RP
3
 and LP
3
 and RM
3
. The LP
3
 was lost antemortem and the bone at this 
location is fully resorbed. The mandibular condyles present bilateral OA changes, including 
flattening of  the articular surface and marginal lipping; the left one is more severely affected as 
it also presents subchondral damage (see Fig. 5 from Gardner and Smith 2006).
Trinkaus (1983a) described signs of  TMJ disease in the left condyle of  Shanidar 1 
mandible; according to this author the condition developed secondary to trauma (see Fig. 15 
from Trinkaus 1983a). 
Traditionally, the development of  TMJ has been associated with processes such as 
severe malocclusion, in relation to extreme wear or continuous eruption, and ATL. These 
factors damage the stable “centric” occlusal position of  the mandible causing irregular 
loop-shaped chewing moments. With time, this masticatory malfunction will cause OA of  
the mandibular condyles (Langsjoen 1998; LeResche 1997). However, the early onset of  the 
condition observed in some individuals of  the SH-Atapuerca assemblage motivated Rosas 
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and Pérez (1995) to present an alternative hypothesis for the TMJ. The authors suggested 
that the degenerative changes could be related to the particular maxillary morphology of  this 
pre-Neanderthal species; and therefore, this could also explain the condition in Neanderthal 
species. The midfacial prognathism of  both species would provoke inefficient biomechanical 
movements accelerating the degenerative process. That is, according to the authors, TMJ could 
be the consequence of  morphogenetic overload. 
Postcranial OA
Australopithecus afarensis also represents the earliest example of  postcranial OA (Cook et 
al. 1983). The excavation of  the Pliocene deposits of  the Ethiopian site of  Hadar, dated of  3.2 
Ma, yielded a rich vertebral collection of  this species. Within AL-333 assemblage, two vertebrae 
exhibit changes related to OA. Specimen AL-333w-12 corresponds to a juvenile tenth thoracic 
(T10) vertebra that presents lipping on the right costal facet. The adult midthoracic vertebra 
AL-333-51 presents marginal osteophytes in ventral and caudal directions (Fig. 6 from Cook 
et al. 1983)
Several fossil remains recovered from Plio-Plesitocene deposits from Koobi Fora 
site (Kenya, Africa) have been described to present signs of  OA. The partial skeleton of  
KNM-ER 803 assigned to Homo ergaster species includes a fragment of  a femur, two tibiae, 
an ulna, two radii, a third metatarsal, several pedal bones, and dental remains. A second 
individual, KNM-ER-164, yet without definitive taxonomic assigment, is represented by a 
parietal fragment, two vertebrae and several manual bones (Day and Leakey 1974; Wood and 
Leakey 2011). KNM-ER 803 presents OA changes on the proximal surface of  the distal pedal 
phalanx. Day and Leakey (1974) reported that two vertebrae of  KNM-ER-164, the seventh 
cervical (C7) and the T1, are fused as result of  abnormal position. They suggested as a likely 
diagnosis spinal OA (Day y Leakey 1974).
Specimen Pelvis 1 from SH-Atapuerca presents OA in two elements. The L5, ventral 
surface, and sacrum, ventral and lateral surfaces, display extensive osteophytes. Bonmatí and 
colleagues (2010) related the changes to degenerative kyphosys.  
Osteoarthritic changes have been widely recorded in the Neanderthal sample (e.g., 
Dawson and Trinkaus 1997; Gardner and Smith 2006; Trinkaus 1983b). In this species, the 
development of  OA has been especially related to local factors, most likely of  traumatic origin 
to the bone or their related soft tissues that could have resulted in limb misalignment. This 
high prevalence has been the basis for suggesting that that Neanderthals’ skeletons were under 
greater physical activity compared to other species (Trinkaus 1978b). Within the Shanidar 
skeletal assemblage, various individuals are affected by degenerative conditions. The postcranial 
skeleton of  Shanidar 1 exhibits signs of  OA, that is, marginal osteophytes, and subchondral 
cysts, involving the right patella-femoral, distal tibio-fibular and the first and second tarso-me-
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tatarsal articulations (Crubézy and Trinkaus 1992; Trinkaus 1983b; see also Figs.77 and 79a,b 
from Trinakaus 1983a). In addition to these, the left tibia and fibula present bowing most 
likely secondary to trauma. Shanidar 3 presents marginal osteophytes along the skeleton with 
different degree of  involvement. The affected bone elements are right and left ulnar coronoid 
processes, right radial head; moreover, ossification of  the ligament flava through T12 and 
first lumbar (L1), and in L5 has been observed. In addition, Trinkaus (1983a) related the OA 
changes in the talocrural and talocalcanear articulations identified to be secondary to trauma 
(see Fig. 81 Trinkaus 198a3). Shanidar 4 displays OA changes primarily involving the spine 
and left wrist. A total of  five vertebrae, one cervical, one thoracic and three lumbar, present 
severe marginal osteophytes. Compared to the spine, the left wrist is more severely affected 
with five carpals bones, thescaphoid, triquitreal, pisiform, capitate and hamate, presenting 
prominent osteophytes (Trinkaus 1983a). 
In addition to the bilateral periosteal reaction and the TMJ, La Ferrassie I has been 
described to present OA changes in the left sacroiliac articulation and post-traumatic 
ossification of  the obturator tendon (Dastugue and Lumley 1976). 
Probably the best-known case of  extensive OA changes affecting the skeleton is that 
of  La Chapelle-aux-Saints. Trinkaus (1985) described prominent marginal osteophytes, 
subchondral degeneration and eburnation in the articular facets and vertebral bodies of  
C5-C7, and T1, T2, T10 and T11(see Figs. 3-5 from Trinkaus 1985). Appendicular involvement 
includes, in the upper extremity, the sternal articulation of  the left clavicle, right shoulder joint, 
known as the “humeral head”, the coronoid margin of  the right ulna and the radio-carpal 
(the radius with the lunate) articulation. In the lower extremity changes were identified in two 
articulations: the left femoral-coxal and the right interphalangeal, or fifth proximal phalanx 
(see Figs. 8 and 9 from Trinkaus 1985). Dawson and Trinkaus (1997) suggested two scenarios 
for the spinal distribution of  OA in this individual: either it could be the consequence of  an 
abnormal distribution of  the vertebral loading, or related to a trauma to the lower cervical or 
upper thoracic vertebrae. 
The Krapina assemblage, as described for the Shanidar fossil collection, also provides 
the opportunity to study the degenerative conditions in a population. Gardner and Smith 
(2006) have described numerous OA changes affecting cervical, thoracic and lumbar vertebrae, 
three scapulae, including one right and two left, two right clavicles, three humeri, made up of  
two left and one right, two left patellae and seven proximal phalanges (see Figs. 6 and 7 from 
Gardner and Smith 2006). These degenerative changes have been interpreted to be secondary 
to trauma (Gardner and Smith 2006). 
Berger and Trinkaus (1995) noticed the high frequency of  degenerative changes secondary 
to trauma affecting the Neanderthal individuals. The anatomical distribution of  the lesions 
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was found to be extraordinarily high in head and neck, followed by shoulder and arm, and in 
contrast to the low frequency in lower limbs. In order to obtain an activity pattern related to 
this distribution, the scholars compared the trauma pattern seen in Neanderthals with several 
modern populations. The result concluded that the Neanderthal pattern was similar to that 
seen in rodeo athletes. Berger and Trinkaus (1995) explained the trauma in Neanderthals to be 
the product of  hunting activity; that is, close encounters with prey were required because of  
the lack of  projectile technology. 
6.1.6 Diffuse Idiopathic Skeletal Hyperostosis (DISH) 
DISH, also known as Forestier’s disease, is a disorder characterised by the large 
hyperostosis and ankylosis of  the spine, although it can also affect extra-spinal entheses. Spine 
lesions are pathognomonic to the condition, and selective involvement is manifested in the 
thoracic segment, which is more frequently affected. It has been shown that the chosen criteria 
to diagnose the condition highly influence the prevalence in paleopathological studies (van 
der Merwe et al. 2012). Skeletal changes observed in the condition include ossification of  the 
anterior longitudinal ligament, preservation of  disk and intervertebral height, bony spurs in 
calcaneous, olecranon and patella, extra-spinous entheses, and secondary ankylosis. Researchers 
agree on that the primary criterion to diagnose the condition is ligament ossification. Except in 
rare occasions, the ossification is confined to the right side of  the vertebral bodies; it is believed 
that the presence of  the aorta prevents the ossification on the left side (e.g., Ortner 2003e; 
Rogers and Waldron 2001). However, disagreement exists in the number of  elements involved. 
For instance, Rogers and Waldron (2001) indicate a minimum number of  three vertebrae, 
whereas Hannallah et al. (2007) and Mazières (2013) specify that at least four must be affected. 
Moreover, some scholars believe that in addition to vertebral involvement at least three skeletal 
changes must be recorded in order to positively identify the condition. The condition is twice 
as common in males compared to females, and it is normally diagnosed in individuals older 
than 50 years (Hannallah et al. 2007; Mazières 2003; Roberts and Waldron 2001; van der 
Merwe et al. 2012). The cause of  DISH is by no means understood; some of  the hypotheses 
include idiopathic hypoparathyroidism, vascular disorder, and repeated microtrauma (Mazières 
2003; Roberts and Waldron 2001). Currently, insulin resistance syndrome is considered to have 
the strongest relation with the development of  DISH. This metabolic syndrome, characterised 
by disturbed glucose and insulin metabolism, hypertension, and obesity; is associated with 
rich diets, and could further attest to the high socio-economic status of  the individuals (van 
der Merwe et al. 2012). Depending on the population under study, prevalence of  DISH in 
archaeological collections has revealed substantial differences. For instance, in his study of  a 
Chilean prehistoric population, dated 4.000 , Arriaza (1993) identified the condition in 4% of  
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the individuals; on the other hand, Roberts and Waldron (2001) recorded a major number of  
cases, ranging from 6.5 to 23.1%, in three monastic collections from England. These results 
could also suggest a relationship between the diet and the socio-economic status of  the 
individuals. Thus, palaeopathological data would be in agreement with clinical data regarding 
differences of  prevalence between different socio-economic groups (van der Merwe et al. 
2012).  
Currently two cases of  DISH have been diagnosed in the fossil record and both are 
described in Neanderthals. Crubézy and Trinkaus (1992) observed hyperostotic lesions along 
the skeleton of  Shanidar 1. They described the occurrence of  enthesopathies at the following 
locations: the antero-lateral surface of  the L3-L5 vertebral bodies, at the left ulnar insertion 
of  the M. triceps brachii, bilateral patellar ossification of  the M. quadriceps femoris, at the calcanear 
tuberosity ossification of  the M. triceps surae (in both calcanei), and in the femoral insertion of  
the M. gluteus medius and M. obturator externus (see Figs. 1-4 from Crubézy and Trinkaus 1992). 
The authors recorded the first criteria of  DISH in the vertebrae, as well as other criteria, such 
as lack of  vertebral or intervertebral degeneration, and three classical extra-spinal locations: 
calcanear tuberosity, anterior patella and the proximal olecranon. Based on these signs, Crubézy 
and Trinkaus (1992) suggested DISH as the most likely cause of  the skeletal changes seen in 
Shanidar 1. 
The second case is that of  the partial skeleton Kiik-Koba 1. Trinkaus and colleagues 
(2008) identified enthesopathies in the patellar insertion of  the M. quadriceps femoris, and in 
calcaneous tuberosity insertion of  the M. triceps surae. The differential diagnosis discarded 
other conditions such as squatting and patellar trauma. Squatting, or kneeling position, is 
related with knee degeneration and signs associated with it are: OA of  the patellofemoral and 
tibiofemoral articular surfaces, as well as menisceal degeneration; none of  these signs were 
found in Kiik-Koba 1. The lack of  damage in the tibial tuberosity compared to the patella 
excludes trauma as the likely cause. In absence of  the axial skeleton, Crubézy (1990) specifies 
three extra-spinal signs that must be identified to positive diagnose DISH: bilateral ossification 
of  the insertion in the calcanear tuberosity, lack of  OA changes and bony spurs less than 3mm 
(for a discussion about this method see van der Merwe et al., 2012). Trinkaus and colleguaes 
(2008), following Crubézy’s (1990) extra-spinal criteria, concluded that Kiik-Koba 1 probably 
suffered from DISH, although the diagnosis is in need of  further support with the discovery 
of  the vertebrae and identification of  lesions. 
In addition to these cases, two other cases of  the fossil record remain speculative. Johanson 
and colleagues (1982) identified in the femur of  Australopithecus afarensis, specimen AL-288, an 
enthesopathy affecting the greater trochanter. However, the lack of  other related signs did not 
support the diagnosis of  DISH as the probable cause. The second speculative case is that of  
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Shanidar 4.  Trinakus (1983a) described the presence of  enthesopathies affecting different 
anatomical parts, including the insertions of  the M. quadriceps femoris in the left patella and the 
M. triceps brachii in the right scapula, that would have formed large bony spurs. In addition, the 
plantar base of  the second middle pedal phalanx 2, the dorsal surface of  the middle phalanges 
3-5, and the bases of  the pedal distal phalanges 2-5 (Figs. 62 and 79 from Trinkaus 1983a), 
would be also affected by minor bony spurs. As indicated for AL-288, the absence of  other 
signs in Shanidar 4 related to the condition makes the diagnosis of  DISH improbable. As 
an alternative hypothesis for the enthesopathies, Trinkaus (1983a) proposed that these could 
respond to high levels of  biomechanical stress. 
6.1.7. Degenerative changes 
In occasions when, due to the fragmentary nature of  the fossil assemblage, it is not 
possible to provide a diagnosis, the pathological studies might be restricted to the identification 
and description of  abnormal signs that could be indicative of  a major episode. Postcranial 
lesions are normally related to degenerative process and identification of  bony spurs, which are 
the consequence of  osteophytic or enthesopathic formation, are fairly common. In addition 
to bone changes promoted by pathological agents, the bone also reacts under external agents 
(that is, mechanical loads) and entheses have been recognised as markers of  them (e.g., Eshed 
et al. 2004; Molnar 2006). Moreover, enthesopathies of  the rotator cuff, the lateral epicondyle 
of  the humerus, the lower pole of  the patella, the Achilles tendon insertion and the plantar 
fascia of  the heel are the most common anatomical sites related to sport and other physical 
activities (Benjamin et al. 2006). Whether abnormal mechanical load arises from anatomical 
morphology or excessive physical activity remains under discussion (Cook et al. 1983; Hutton 
1987; Jurmain 2000; Trinkaus 1983b). 
This section includes a description of  abnormal skeletal signs related to degenerative 
process although a confident diagnosis cannot be suggested. Martín-Francés (2007) identified 
various anatomical elements affected by degenerative signs in the Homo antecessor assemblage 
from TD-Atapuerca. The articular facet of  ATD6-88, a sternovertebral second or third right rib, 
presents bone remodelling and osteophytes. Also from this site, the ATD6-108 and ATD6-72, 
a first and second rib respectively, present bone remodelling on the superior surfaces of  the 
shafts (Fig. 6.12). The osteoblastic activity has created bony prominences in the insertion of  
the M. serratus anterior, which is an elevator and abductor of  the arm. Although M. serratus 
anterior is not involved in the the most strenuous arm motion, that is the throwing action, 
but is performed by M. deltoideus, M. pectoralis major and the rotator cuff  muscles (including 
M. supraspinatus, M. infraspinatus, M. teres minor and M.subscapularis), it is indeed involved in 
anteversion movements. Thus, hypertrophy of  the M. serratus anterior could be suggested as a 
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tentative cause of  the bone-forming lesions in ATD6-108 and ATD6-72 a result of  load or 
mechanical stress. 
Figure 6.12. 
Homo antecessor specimens ATD6-108 and ATD6-72. Left: specimen ATD6-108, right 1st rib, fragment (top) and 
magnification (bottom) of  the bone tuberosity on the superior aspect of  the shaft. Right: specimen ATD6-72, right 2nd 
rib, fragment (top) and magnification (bottom) of  the bone tuberosity on the superior aspect of  the shaft. (Photo: GAD).
Again, the Krapina skeletal assemblage presents high frequency of  bone remodelling. 
Gardner and Smith (2006) described presence of  a rough area in the shafts of  six fibulae, 
specimens 221, 228, 232, 233, 234.1 and 234.2, where the tendons attach; and Belcastro and 
colleagues (2006) described similar changes in two femoral fragments, specimens 213 Fe.1 and 
214 Fe.2 (see Figs. 2-5 from Belcastro et al. 2006). These researchers suggested that the bone 
hypertrophy, manifested as bony prominences, could be related to load or mechanical stress 
(Belcastro et al. 2006; Gardner and Smith 2006).  
6.1.8. Trauma
The identification of  trauma in the skeleton depends on the conservation and time of  
occurrence. Diagenetic processes can erase the traces of  trauma left in the bone. In other 
cases, lesions can be overlooked if  its occurrence was either early in life or, on the contrary, 
close to the death, or “perimortem”, of  the individual. If  the occurrence is early in life and 
the healing process has proceeded with a proper restoration of  all tissues, including perfect 
bone alignment, the identification of  a lesion can result difficult. Perimortem lesions can be 
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misinterpreted and be classified as taphonomical damage. The skeleton is said to be affected 
by trauma when one of  these signs are observed: partial to complete break of  the bone, 
displacement of  the joints, disruption in nerve or blood supply, and artificially induced 
abnormal morphology of  the bone. The classification of  trauma includes fracture, dislocation, 
post-traumatic deformity, and miscellaneous conditions (e.g., Auderheide and Rodríguez-Martín 1998f; 
Ortner 2003h; Waldron 2009e). It is very likely that the number of  traumatic lesions in the 
fossil record is obscured as consequence of  the taphonomical damage exhibited by some of  
the specimens. 
6.1.8.1. Fractures
Fracture is a type of  trauma that consists of  the disruption of  the bone structure, 
normally involving the adjacent soft tissues. The classification of  trauma is based on the type 
of  force or stress to which the bone is subjected; i.e., tension, compression, torsion, flexing and 
shearing. Each type of  force produces a characteristic fracture of  the bone. For instance tension 
fractures are normally related to tendinous attachments to bone, however, in most occasions 
bone fracture results from different forces applied together to the bone (e.g., Auderheide and 
Rodríguez-Martín 1998d; Ortner 2003f; Waldron 2009d).
Several specimens of  the genus Australopithecus present signs coincident with fracture 
episodes, however it is not possible to determine the moment of  occurrence, therefore its 
diagnosis remains speculative. The first case is that of  the mandible MLD2 belonging to a 
juvenile individual of  the species Australopithecus africanus recovered from the South African site 
of  Makapansgat, and dated ca. 2.5 Ma. Tobias (1974) identified a fracture along the mandibular 
symphysis without signs of  healing. However, the degree of  fossilization and the post-depo-
sitional damage prevents the distinction between pre- or post-mortem fracture. Thus, MLD2 
represents one of  those cases with a tentative diagnosis due to diagenetic processes. 
Australopithecus robustus specimen SK54, recovered from Swartkrans site (South Africa) 
and dated between 1.9-1.5 Ma, consists of  a fragmentary skull. Brain (1933) identified in the 
parietals of  this individual two highly demarcated lesions. The penetrating lesions affected 
both the outer and the inner tables, causing the embedment of  the outer table, loss of  space 
between tables and the collapse of  the inner table. The author, considering the morphology, 
size and distance between the lesions, suggested that these could coincide with the incisions left 
by the mandibular canines of  a leopard (Brain, 1933). The lack of  bone remodelling indicates 
that the violent event occurred peri- or postmortem, although the exact moment cannot be 
established (see Fig. 6.12). 
Specimen Stw363 corresponds to a left talus that was recovered from the South African 
site of  Sterkfointein; its location in the sedimentary deposit suggested that the bone could 
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pertain to Australopithecus africanus Member 4. Faunal indicators suggest an age between 2.8-2.3 
Ma. The articulation of  Stw363 with Stw358, a tibia, further supports the assignment to the 
same individual. Thus, Member 4 comprises cranial, dental and postcranial remains. Fisk 
and Macho (1992) observed an abnormal morphology mainly affecting the medial surface. 
The bone is poorly preserved; to avoid possible misinterpretation resultant from diagenetic 
processes the talus was analyzed by means of  CT technique. The images revealed lack of  
cleavage between the trabecular bone and the trochlea tali (Fig. 3 from Fisk and Macho 1992). 
Clinical cases reported that severe compression fracture of  the calcaneus might have resulted 
in its breakage in two fragments and, as a result of  this breakage, the talus lies between them 
with disruption of  the subtaloid joint. According to Macho and Fisk (1992), the signs revealed 
through CT technique would evince this type of  fracture in Stw363, and further suggested 
that this fracture would have implied limitation of  the locomotor capacity to the individual.  
Aguirre (1970) described an osteoblastic process in the mandible TM-1517, the holotype 
of  the species Paranthropus robustus. Apart from specimen TM-1517, other fossil remains were 
recovered from the site of  Komandraai (South Africa) and probably all belong to Member 
3, which has been dated ca. 1.5 Ma (Delson et al. 2000).  According to Aguirre (1970), the 
periosteal reaction would be the consequence of  either a trauma or infectious process. 
From the Plio-Pleistocene site of  Olduvai George (Tanzania) the human remains of  a 
Figure 6.13 
Australopithecus robustus specimen SK54. Top: outer table of  the cranial fragment with the two penetrating lesions located 
on the parietal bones. Bottom: inner table of  the cranial fragment with the two penetrating lesions and collapse of  the inner 
table. (Photo: María Martinón Torres).
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new species were recovered. The specimen OH7, holotype of  the Homo habilis species, which 
has been dated to approximately 1.75 Ma, consists of  two parietal fragments, a mandibular 
fragment, one isolated maxillary molar and several manual bones (Clarke 2012 see Figs. 17-19; 
Leakey et al. 1964). Davidson and Solomon (1990) identified four furrows located at the right 
parietal and affecting the surface of  the outer table. The researchers hypothesized that these 
marks could be the result of  a crocodile bite. Since the authors did not provide evidence in 
other human or faunal specimen with a similar type of  marks, this hypothesis remains tentative. 
Sangiran site, located in Java, has yielded dental remains associated with more than 
80 individuals, dated by radiometric 40Ar/39Ar and magnestostratigraphy between 1.5-0.8 
Ma (Kaifu et al. 2005). Individual Sangiran 4, also known as Pithecanthropus skull IV, 
consists of  two cranial fragments and a maxillary bone assigned to the species Homo erectus. 
Weindenreich (1943) identified signs coincident with a fracture on the maxillary bone (see Fig. 
3 of  Durband 2008). 
Myositis ossficans (MO) is a term that comprises four different clinical conditions. 
MO progressiva, or fibrodysplasia ossficans progressiva, is an autosomal dominant disease 
characterized by symmetric congenital malformation of  the hands and feet and courses 
with progressive heterotopic ossification of  the soft connective tissues. MO associated with 
paraplegia and tissue atrophy may stimulate metaplastic ossification. Pseudomalignant MO refers 
to the heterotopic ossification in absence of  trauma. MO traumatica (MOT) is characterized by 
the heterotopic bone formation involving soft tissues, such as muscle, caused by violent or 
repeated trauma. Still, there is no consensus about the pathogenesis of  MOT, and some of  
the theories include metaplasia of  the connective tissues cells, ossification of  a haematoma, or 
penetration of  periosteum fragments with osteogenic cells into the muscle. MOT is a common 
disorder that frequently affects athletically active individuals; half  of  the clinical cases involve 
the soft tissues of  the pelvis and lower extremity, in particular, the femur and knee (Mestan and 
Bassano 2001; Mevio et al. 2001; Steiner et al. 1997). 
In 1981, Dubois discovered in Trinil (Java) a cranial fragment and a femur, known 
as Femur I, a complete and well-preserved left femur, which was initially assigned to 
Pithecanthropus erectus species, and at present, to Homo erectus. Later, the hominin collection 
increased to include femora II, III and IV, due to the identification of  human remains in a 
mammalian collection in the Leiden Museum. The associated fauna is considered to represent 
that of  the Middle Pleistocene, although some researchers still believe that it predates the Early 
Pleistocene (Day and Molleson 1973; Delson et al. 2009). The specimen Femur I presents a 
large bone exostosis on the proximal third that extends along the posterior, or linea aspera, and 
medial surfaces of  the bone (see Plate 1A and 2 from Day and Molleson 1973). Currently, two 
diagnoses have been suggested: fluorosis and MOT (Soriano 1970; Steinbock 1976). Fluorine 
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intoxication stimulates the formation of  large osteophytes in soft tissues, that is, tendons 
and muscles, along the skeleton (Soriano 1970). The researcher also found morphological 
similarities between the femur belonging to Homo erectus and the femur of  a patient suffering 
periostitis deformans as consequence of  fluorine intoxication. Thus, fluorosis was suggested 
as the most likely diagnosis for the Homo erectus from Trinil (Figs. 1 and 2 from Soriano 1970). 
Posteriorly, Day and Molleson (1973) reviewed the diagnosis of  fluorosis, examined the femur 
through Xray and SEM techniques and compared the images with other femora affected by 
the condition. The resultant images revealed a different morphology between those specimens 
affected by fluorosis and the specimen Femur I. The authors suggested MOT as the most 
likely cause for the large ossification seen in the specimen Femur I, a diagnosis also shared by 
Steinbock (1976).
Currently, only one case of  fracture has been described in the Homo antecessor 
(TD-Atapuerca) assemblage. In a recent study, we discussed the possible aetiology of  
the abnormal morphology observed in a fourth right metatarsal, specimen ATD6-124 
(Martín-Francés et al. in press Chapter 5 Article 3). We identified and described a series of  internal, 
including cortical radiolucent lines and lack of  medular involvement, and external changes, such 
as bone remodelling; and presented an extensive differential diagnoses that included, among 
others, infectious processes, tumorous, and HPO. Based on the location, internal signs and 
external morphology, we suggested that this individual most likely suffered stress fracture of  
the metatarsal that was in the process of  healing at the moment of  the individual’s death (see 
Martín-Francés et al., in press Chapter 5 Article 3).
The North African site of  Tighenif  (Algeria) was excavated during the decade of  the 50s 
under the direction of  Arambourg (e.g., Arambourg 1954, 1955, 1957). The fossil collection 
comprises two mandibles, known as Tighenif  1 and 3; one hemimandible, Tighenif  2; a parietal 
fragment, Tighenif  4, and nine isolated teeth (Arambourg and Hoffstetter 1963; Tillier 1980). 
Biochornology indicators suggest an age for the site ca. 700 ka. Although initially assigned 
to Atlanthropus mauritanicus (Arambourg 1954, 1955) the taxonomic affiliation continues to 
be under debate (for a complete discussion see Antón et al. 2007; Bermúdez de Castro et al. 
2007; Schwartz and Tattersall 2003). Scholars have assigned the remains to Homo erectus (e.g., 
Rightmire 1990; Schwartz and Tattersall 2003), Homo mauritanicus (Hublin 2001; Stringer 2003); 
Homo ergaster (Bermúdez de Castro et al. 2007), and Homo heidelbergensis (Mounier et al. 2009; 
Zanolli et al. 2010). According to Pére-Pérez (2003), the mandible Tighenif  3 presents signs 
of  breakage and healing, as well as bone remodelling, coincident with fracture. 
Czarnetzki and colleagues (2003a) suggested mandibular specimen of  Mauer suffered a 
trauma that affected the left ramus. The authors recorded in the left condyle radiate osteophytes 
and remodelled compact bone, as well as healed necrotic bone fragment (also known as 
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“joint mouse”) understood as pathognomonic for osteochondrosis dissecans. Czarnetzki et 
al. (2003a) suggested that these sings are consequence of  a fracture; that in the case of  this 
individual would be completely healed (see Figs. 2-6 from Czarnetzki et al. 2003a). 
In the SH-Atapuerca fossil assemblage nine individuals, Crania 1, 2, 3, 4, 5, 6, 7, 8 and the 
frontal bone AT-624, have been identified to present sings of  fracture (e.g., Pérez Pérez 2003, 
Pérez and Martínez 1991; Pérez et al. 1997 see Fig. 4). All individuals, except the specimen 
AT-624, present well-demarcated healed lesions with evidence of  remodelling activity affecting 
the outer table of  the skull. For instance, the Cranium 5 presents a total of  thirteen lesions. 
None of  these lesions presents further complications, such as infection. On the contrary, the 
frontal bone AT-624 was more severely injured, since the diploë is affected. As suggested for 
the other cases, in AT-624 there are signs of  healing and it does not present complications 
associated to the fracture, although it probably affected the vision of  the individual, even if  
only for a short period of  time. The lesions have been hypothesized to be consequence of  
impact blows (Pérez Pérez 2003; Pérez et al. 1997). Moreover, Gracia and colleagues (2012) 
identified in SH specimen AT-534 (right fourth metatarsal) signs, such as periosteal reaction 
and cortical misalignment, compatible with fatigue fracture.   
Castel di Guido is an Acheulean site near the city of  Rome (Italy); the excavation of  
the site has yielded faunal and human remains, as well as lithic tools. Radiometric dating by 
K/Ar indicated an age ca. 400 ka. The human assemblage comprises two femoral shafts, 
designated as CdG-1 and CdG-2, an occipital fragment, labelled CdG-3, right fragment of  
a maxillary bone, CdG-4, right parietal and temporal bones, labelled CdG-5 and CdG-6, 
respectively, and a fragment of  a left parietal bone, known as CdG-7 (e.g., Mallegni et al. 
1983; Mariani-Costantini et al. 2001). Mallegni and colleagues (1983) identified a lesion on 
the posterior surface of  the CdG-2 left femur. The authors described the presence of  two 
rounded holes accompanied by the collapse of  the cortical bone that could correspond with 
indentation marks, as consequence of  a carnivore bite (Mallegni et al. 1983; see Fig. 2 from 
Mariani-Constantini et al. 2001). 
Homo neanderthalensis is once more the species with the highest number of  recorded 
fractures. The specimen Neanderthal 1, with an estimated chronology of  ca. 60 ka, represents 
the holotype of  the species. The individual comprises cranial and postcranial anatomical 
elements, including a cranial fragment, two femora, humeri, radii, ulnae, scapula, several ribs 
and the ilium (Delson et al. 2000). Schaaffhausen was the first to describe the lesion affecting 
the ulna of  this individual. The proximal epiphysis of  the ulna presents signs coincident with 
a fracture episode (Schaaffhausen 1858 in Berger and Trinkaus 1995).  
La Chapelle-aux-Saints in addition to the described lesions, inlcuding OA and 
Schmorl’s nodes secondary to trauma (Dawson and Trinkaus 1997); presents a fracture on 
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a right mid-thoracic rib (Trinkaus 1985). The lesion located on its costal end exhibits a large 
callus result of  the osteobalstic activity due to the healing process. Moreover, the X-ray images 
did not show evidence of  the fracture, that is, fracture lines, suggesting that the traumatic event 
occurred well before the death of  this individual and that he recovered without complications 
(see Fig. 10 from Trinkaus 1985). 
In the postcranial skeleton of  La Ferrassie I signs have been identified coincident 
with fracture processes. Fennell and Trinkaus (1997) identified and described the abnormal 
morphology presented by the proximal end of  the right femur, more likely consequence of  
a healed fracture of  the greater trochanter. Similar signs have been described in the upper 
and lower extremities of La Ferrassie II. Heim (1982) identified a healed fracture on the 
proximal diaphysis of  the left fibula of  this individual. Finally, Dastugue (1960) and Dastugue 
and Lumley (1976) described a trauma affecting the right elbow of La Ferrassie II that could 
have involved osteomyelitis.
Within the Shanidar skeletal assemblage several individuals have been recorded to 
exhibit signs coincident with fracture processes. In addition to the DISH condition, Individual 
Shanidar 1 presents numerous morphological abnormalities along the skeleton. Cranial and 
postcranial fractures include the right frontal squama, the left lateral orbit, the right humerus 
and the right fifth metatarsal. The right humerus presents signs of  fracture at the diaphysis 
and supracondylar in association with pseudoarthritis or amputation of  the forearm, including 
the ulna, radius and manual bones, ostemyelitis and hypertrophy of  the right clavicle, and 
hypertrophy of  the right scapula. Moreover, the individual presents other lesions secondary 
to trauma including OA of  the right knee, ankle and first tarsometatarsal articulations, as well 
as periosteal remodelling of  the left tibia (Crubézy and Trinkaus 1992; Trinkaus 1983a). All 
fractures appear to have healed, indicating their occurrence prior to the individual’s death. Two 
hypotheses have been discussed to explain the possible cause of  the right humerus lesion. First, 
Stewart (1977) suggested as the most likely hypothesis the intentional amputation. Alternatively, 
Pérez Pérez (2003) suggested congenital abnormality as the cause. Shanidar 3 individual has 
been described to present signs of  fracture in two anatomical locations:  the rib and foot. The 
left ninth rib presents a lesion that has produced a discontinuity of  the shaft, likely produced 
by a penetrating object. The lack of  osteoblastic activity in and around the lesion indicates 
that the healing process had not started yet and its occurrence several weeks prior to the death 
of  the individual could further evince that the penetrating element remained in the body. 
Moreover, the pedal remains present OA changes secondary to a fracture episode (Trinkaus 
1983a; Trinkaus and Zimmerman 1982). Trinkaus and Zimmerman (1982) suggested that this 
individual, unable to move due to the injury, could have died from a rockslide. Individuals 
Shanidar 4 and 5 both present healed fractures, one in the angle of  the right seventh or eighth 
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rib, and in the left portion of  the frontal bone, respectively (Trinkaus and Zimmerman 1982; 
Trinkaus 1983a). 
The site of  St. Césaire in Charente-Maritime (France) dated 36 ka by Th, yielded typical 
Châtelperronian artifacts, faunal and human remains. The skeletal remains belonged to a 
juvenile individual, specimen St. Césaire 1, assigned to Homo neanderthalensis species (Hublin 
et al. 1996; Lévêque and Vandermeersch 1980; Mercier et al. 1991). Zollikofer and colleagues 
(2002), by means of  CT technology, investigated the lesion affecting the parietal, close to the 
sagittal suture, of  this individual. The researchers identified scars evidence of  a direct impact 
and signs of  healing, that is, osteoblastic activity, indicating the survival of  the individual 
(Figs. 2 and 3 from Zollikofer et al. 2002). Through the application of  palaeopathological 
and forensic diagnosis standards, the authors suggest that the lesion was caused by a sharp 
implement and that resulted from an episode of  interpersonal violence. This would be the 
second case in the fossil record of  interpersonal violence together with the described for 
Shanidar 3.
The fossil collection of  Krapina also provides the opportunity to investigate the number 
and severity of  fractures affecting one population. Garder and Smith (2006) recorded numerous 
fracture lesions in the Krapina assemblage. The majority of  these fractures were identified in 
the cranial bones; i.e., the cranium counts with the 62.5% of  the total. Healed fractures on the 
cranial bones were identified in specimens Krapina 4, in the fronto-parietal bone; Krapina 5, 
in the left and right parietals; Krapina 20, in the left fronto-parietal; Krapina 31 in the frontal 
squama; and Krapina 34.7, in the right spenotemporal (for a summary and description of  the 
lesions identified in Krapina assemblage see Table 2 from Gardner and Smith 2006). These 
injuries resulted either from depression fractures or scalp wounds. Postcranial lesions included 
specimen Krapina 149, located on the right clavicle, which presents an abnormal morphology 
and an associated enthesopathy as the result of  a fracture. Whether the fracture is secondary 
to a severe muscular pull or if  the fracture caused secondary enthesopathy is still arguable 
(Fig. 8 from Gardner and Smith 2006). A left adult ulna, specimen Krapina 188.8, presents a 
large callus located at the proximal third of  the diaphysis as a consequence of  a fracture (Fig. 
9 from Gardner and Smith 2006). The specimen Krapina 180 corresponds to a right ulna 
that presents pseudo-arthrosis of  the distal portion of  the bone. Gardner and Smith (2006) 
identified signs of  a healed transverse and complete fracture of  the distal end of  the ulna, 
evincing the performance of  an amputation. Thus, Krapina 180 would be the second example 
of  an amputation in the fossil record, together with Shanidar 1. 
The Neanderthal Kebara 2 presents signs of  fracture in two bones elements at the T5 
vertebra, affecting the spinous process, and the second metacarpal (Duday and Arensburg 
1991).
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Martin (1923) observed an abnormal morphology of  the left arm in individual La Quina 
5. The left humerus presents a substantially smaller humeral diameter compared to the right 
one; according to the author this atrophy would be consequence of  a diaphyseal fracture. 
The only mention of  the lesion affecting the fibula of  individual Tabun I is found in 
the article by Berger and Trinkaus (1995). The authors refer to a lesion affecting the fibula, 
however no description or diagnosis are provided. 
The parietal recovered from the Spanish site of  Cova Negra, in Valencia, presents signs of  
a severe traumatism. According to de Lumley (1973), the lesion would have been consequence 
a violent tear of  the epicranial aponeurosis with the subsequent subperiosteal haematoma; 
however, no fracture to the cranial bone has been described. 
The high frequency of  trauma-related lesions observed in the Neanderthal fossil 
assemblage must be noted. Berger and Trinkaus (1995) identified the large number of  lesions 
affecting the upper extremities and the cranium compared to the low frequency of  lesions 
affecting the lower extremities, and hypothesized that this pattern could be the consequence 
of  close encounters with violent preys during hunting activities. For Neanderthals, as well 
as for the rest of  hominin individuals, healed fractures evince the survival of  the individual. 
It has been suggested for those cases where the individual’s life was jeopardized, as seen for 
Shanidar 3 and Aubesier 11, that the cooperation and care of  other group members would be 
required, to some extent, for the survival of  the individual (Lebel and Trinkaus 2002a,b; Lebel 
et al. 2001; for an opposed view see DeGusta 2003). 
Qafzeh 11 consists of  an incomplete skeleton including post-cranial fragments, cranium 
lacking some parts of  the facial skeleton, right parietal and basicranium and associated dental 
remains. The remains belonged to an immature individual with an estimated age between 
12-13 years old, and of  unknown sex (Tillier 1984). The complete fossil collection consists 
of  27 individuals, and Qazfeh 11 is the only one recovered from layer XXII (Bar-Yosef  
Mayer et al. 2009; Vandermeersch 1981). Previous paleoptahological studies conducted on the 
skeletal remains of  Qafzeh 11 identified a lesion affecting the right side of  the frontal bone 
(Dastugue 1981; Tillier et al. 2004) and DEH in three mandibular molars: RM1, RM2 and LM1 
(Skinner 1996). Dastugue (1981) concluded that the cranial lesion was the result of  a blunt 
force trauma, although it was not life threatening and implies no further consequences for the 
individual. On the other hand, Tillier and colleagues (2004) suggested an epidermoid bone 
cyst as the most likely cause. In a recent revision of  the material, Coqueugniot and colleagues 
(2014) suggest a different scenario for the cranial lesion. The authors, by means of  CT and 
macroscopic techniques, conducted a new study of  the cranium and associated dental remains 
and confirmed Dastugue’s trauma diagnosis. That is, the fracture observed is consequence 
of  a premortem trauma, most likely produced by a blunt force. However, in disagreement 
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with Dastugue, Coqueugniot and colleagues (2014) suggest that the lesion indeed had further 
consequences for the individual. The researchers classified the fracture as compound type, with 
a fragment depressed inwards together with a linear fracture and sutural diastasis (Fig. 1 from 
Coqueugniot et al. 2014). Moreover, the calculated endocranial volume for this individual 
would not correspond to that of  an individual of  12-13 years, but to a younger one (Fig. 4 from 
Coqueugniot et al. 2014). Thus, considering the type of  fracture and the endocranial volume, 
the authors consider the injury of  moderate severity; as it probably involved brain damaged 
that, in turn, produced cranioencephalic growth retardation (see Fig. 3 from Coqueuugniot et 
al. 2014).  Moreover, this type of  severe injury would have implied diminished cognitive and 
social communication skills. Finally, regarding the DEH, Coqueuugniot et al. (2014) do not 
identify any type of  linear lesion on the dental remains. The researchers observed change of  
colouration in the dental remains, but suggested taphonomical process as the most likely cause. 
The described pathological condition together with the particular characteristics in which the 
individual was buried, not shared by any other member of  the group, have been suggested to 
evince the special care towards this individual. Thus, as suggested for other cases (e.g., Gracia 
et al. 2009; Tillier et al. 2001), certain palaeopathological conditions can evince compassionate 
behaviour and social care.
Maba 1 was recovered in 1958 from the Lion Rock cave system at Maba town (Guangdong 
province, China). The specimen is a partial cranium lacking the facial skeleton, the base and the 
occipital regions. Radiometric analysis of  230Th/234U suggests a date for some of  the deposits 
of  approximately 235 ka, and associated fauna indicates late Middle to Late Pleistocene. Its 
taxonomic affiliation corresponds to early Homo sapiens (Wu et al. 2011, and references therein). 
Wu and colleagues (2011) identified a semicircular lesion affecting the right side of  the frontal 
bone of  the Maba cranium (Fig. 1 from Wu et al. 2011). The lesion has caused a depression on 
the outer table of  the cranium and some irradiating cracks are still visible. CT images revealed 
thickening of  the bone along the lesion, contour changes at the outer table and diploë, as well 
as evidence of  endocranial protrusion and thinning of  the table. The bone has undergone 
extensive remodelling evincing the healing process and the survival of  the individual (Figs. 
2 and 3 from Wu et al. 2011). The researchers present an extensive differential diagnosis of  
conditions that can affect the cranial vault including tumours, anaemia, infectious diseases and 
trauma. They suggest that the most likely aetiology is trauma by fracture of  the outer cranial 
table. In particular, the lesion would be the result of  a blunt force, probably the consequence 
of  interpersonal violence, although accidental injury cannot be excluded (Wu et al. 2011).  
From the site of  Kanam (Kenya) in 1932 the team of  Louis Leakey recovered a strongly 
fossilized mandibular fragment known as Kanam Mandible. At first, and due to the degree 
of  fossilization, an early chronology was assumed for the specimen. Later, the remains were 
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assigned to early Homo sapiens. The mandible attracted attention due to the mass of  bone growth 
located at its lingual surface. Several diagnoses have been suggested including osteosarcoma 
(Lawrence 1935), Burkuitt lymphoma (Stathopoulos 1975), and fracture (Capasso and di Tota 
1996; Phelan et al. 2007; Tobias 1974). The histopathologic study conducted by Tobias (1974) 
revealed a well-organised bone structure that questioned the neoplastic diagnosis. Moreover, 
the researcher related the osteoblastic activity to an osteomyelitis secondary to trauma. 
Cappaso and Tota (1996), also in favour of  a traumatic diagnosis, determined that the new 
bone growth could be of  inflammatory origin also secondary to fracture of  the mandibular 
bone. Finally, the most recent study conducted by Phelan and colleagues (2007) further 
supported the fracture diagnosis. Through the application of  SEM technology, the researchers 
identified areas of  bone remodelling and osteocyte lacunae. Additionally, they suggested that 
the trabecular fragmentation to be the consequence of  the fossilization process. 
6.1.8.2. Other traumatic lesions
We identified and described the large osseous growth located on the inferior margin of  
the left patella, specimen ATD6-56, associated to TD-Homo antecessor (Martín-Francés et 
al. in prep). The bone formation would correspond with an osteophyte. We believe that the 
most plausible explanation for the patella involvement is a local factor, an event that affected 
the left but not the right side of  the individual. Most likely either a fracture of  a bone, either 
femur or tibia, or a soft tissue lesion, ligament tear or muscular contraction, that in turn would 
have added higher mechanical load to the knee joint. Primary risk factors for the development 
of  knee injuries are repetitive, high loading exercises (Martín-Francés et al. in prep. Chapter 5 
Article 7 Figs. 1-4). 
Hulu 1 is a cranium consisting of  a fragment of  occipital, right and left parietals, frontal 
and facial bones assigned to Homo erectus. It was recovered in 1992 from the Hulu Cave in 
the Nanjing district (East China), radiometric (TIMS U-series) analysis suggest a date of  
approximately 600ka (Wu et al. 2002; Zhao et al. 2001). Shang and Trinkaus (2008) described 
an extensive lesion affecting the ectocranial surface of  the frontal bone of  this individual. 
The lesion of  osteoclastic nature occupies an area of  approximately 100 mm and presents 
clear signs of  healing. In their article the authors contemplate numerous conditions that 
could have caused the lesions, such as dietary deficiencies, infectious diseases, tumours; and, 
suggest a traumatic origin as the most likely cause (see Figs. 1 and 2 from Shang and Trinkaus 
2008). Due to the location and morphology of  the lesion Shang and Trinkaus (2008) suggest 
two possible scenarios: a trauma of  compressive or tensile nature and burning of  the scalp. 
Compressive trauma would have caused damage to the scalp and pericranium, although the 
lack of  fracture makes it unlikely. Alternatively, the injury could be of  tensile nature where 
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the scalp was pulled away from the neurocranium, provoking a subgaleal hematoma. The 
second hypothesis suggests severe burning of  the scalp that would have damaged the hair and 
scalp tissues causing replacement of  the superficial tissues, necrotic bone resoption and bone 
remodeling. 
6.1.9. Congenital abnormalities of  the skeleton  
6.1.9.1. Juvenile Kyphosis or Scheuermann disease
Juvenile Kyphosis or Scheuermann disease, together with senile kyphosis, is one of  the 
primary forms of  kyphosis. Kyphosis is the increased dorsal curvature of  the thoracic vertebrae 
of  the spine; its causes are classified in primary, when the changes are seen in the vertebral disks; 
and, secondary when the lesions are on the vertebrae (e.g., Auderheide and Rodríguez-Martín 
1998a; Ortner 2003b). Scheuermann’s disease, or Juvenile Kyphosis, develops during adolescence, 
and normally involves the thoracic segment through the eight to the tenth vertebrae. Clinical 
features are narrowing of  the intervertebral space, wedged vertebrae and lesions of  the vertebral 
endplates. The pathophysiology of  Scheuermann’s Disease is believed to be related to excessive 
mechanical stress on a previously weakened endplate. Defective endplates result from either 
genetic predisposal or mechanical stress, namely, strenuous sport activities and manual work 
(Auderheide and Rodríguez-Martín 1998a; Ortner 2003b; Palazzo et al. 2014). 
From the Pliocene site of  Hadar (Ethiopia, Africa) dated to 3.2 Ma, a total of  24 vertebral 
remains belonging to Australopithecus afarensis have been recovered. Nine of  them are associated 
to AL-333 and fifteen to specimen AL-288, also known as “Lucy” (Cook et al. 1983). The 
study of  AL-288 revealed pathological changes at different locations along the spine. The L2 
vertebra presents ossification of  the anterior longitudinal ligament and osteophytes on the 
ventral aspects of  both, ring epiphyses and intervertebral facets. The lower part of  the thoracic 
column was more severely affected: from the T6-T10 there are ossifications of  the anterior 
longitudinal ligament, kyphosis, and osteophytes in intervertebral facets (Figs. 2-5 from 
Cook et al. 1983). The authors presented extensive differential diagnoses that included septic 
arthritic syndromes, inflammatory arthritis syndromes, and Scheuermann disease. According 
to Cook and colleagues (1983), the lesions observed in AL-288 spine would mimic those seen 
in Scheuermann’s Disease. The authors suggest a mechanical stress as the main cause of  the 
compression observed in the thoracic vertebrae of  AL-288 due to arboreal activity, such as 
arm-swinging, climbing, body lifting and heavy lifting. Although this interpretation would not 
imply a maladaptation to behavioral pattern, since conditions such as Scheuermann’s Disease 
and OA are present in large-bodied animals as result of  their size, length of  life and events. 
Indeed the lesions would be of  evolutionary interest as it may assist in the interpretation of  
behavioral patterns, such as locomotion habits or occupational activities, of  extinct species in 
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comparison to modern humans.  
6.1.9.2. Spondylolisthesis 
The SH-Atapuerca specimen Pelvis 1 consists of  five nearly complete lumbar vertebrae 
and a pelvis, including the innominate bones and the sacrum (Arsuaga et al. 1999; Bonmatí 
et al. 2010). Bonmatí and colleagues (2010) identified a series of  abnormalities affecting the 
lumbar segment of  the spine and the sacrum, included, among others, severe vertebral wedging 
through L2 to L4, spinous process remodeling of  L4 and L5, extensive marginal osteophytes 
on the ventral surface of  the L5’s body and the ventral and lateral surfaces of  the sacrum, 
and osteolytic lesion on the caudal surface of  the L5 (Fig. S7 from Bonmatí et al. 2010). 
The pathological signs identified by the authors were related to a set of  processes including 
spondylolisthesis, Baastrup Disease and Schmörl’s nodes. 
Spondylolisthesis refers to the anterior slippage of  a vertebral body over another, normally 
involving the lumbar section of  the spine; clinical classification includes congenital, isthmic, 
degenerative, traumatic, pathological and post-surgical. Although frequently associated with 
spondylolysis, that is, separation of  the vertebral arch between the body and the spinous 
process, spondylolisthesis also can develop without separate arch (Merbs 1996, 2001). Secondly, 
Baastrup Disease is a disorder of  the spine, frequently affecting the lumbar region, characterized 
by the approximation and contact of  the spinous process of  two adjacent vertebrae, and the 
formation of  new joint between them. Identified causes of  this disorder include excessive 
lordosis and extensive intervertebral space loss secondary to degenerative conditions, spondylo-
listhesis, tuberculous spondylitis and bilateral congenital hip dislocation (Kacki et al. 2011; 
Resnick 1985). Finally, Schmörl’s nodes refer to the vertical herniation of  the intervertebral 
disc into adjacent vertebral body. Although traditionally it has been related to intense physical 
activity, other contributing factors are trauma, congenital disorders and degenerative processes 
(Ghelman and Freiberger 1976; Jiménez-Brobeil et al. 2010; Resnick 1985). 
According to Bonmatí and colleagues (2010), this individual most likely suffered from 
primary degenerative kyphosis (LDK). LDK is the loss of  lordosis caused by degenerative 
changes in middle-aged and elderly people evinced by disc narrowing, vertebral wedging and 
loss of  sacral inclination (Takemitsu, 1988). 
6.1.9.3. Labyrinthine ossification
The abnormal morphology exhibited by the Singa calvaria has raised multiple hypothesis 
suggesting different aetiologies. Brothwell (1974) identified the unusual breadth of  the 
cranium and suggested that the parietal expansion was consequence of  compensatory growth 
secondary to craniosynostosis of  the sagittal suture. Stringer (1979) confirmed the abnormal 
morphology of  the parietal region and reported the especially short bregma-lambda chord. 
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Posteriorly, Stringer and colleagues (1985) carried out a re-evaluation of  the material. Although 
the researchers identified unilateral expansion of  the sphenoid sinus and evident vault thickness 
at the parietal bosses, associated with the diploë expansion, no diagnosis was presented. The 
thickening of  the diploë and the vault shape exhibited by the Singa calvaria was interpreted by 
Webb (1990) as a sign of  a blood disease, similar to that identified in a prehistoric individual, 
specimen WLH 50, from Australia dated ca. 29.000± 5.000 BP. Pathological conditions 
associated with thickenning of  the diploë include Paget’s Disease of  bone, hyperostosis 
frontalis interna, leontiasis ossea, and various hemoglobinopathies, such as sickle cell anaemia, 
thalassemias and other variants (Jaffe 1975). Flint and colleagues (1986) found that certain types 
of  hemoglobinopathies such as sickle cell anaemia and thalassemias confer inmmunity against 
malaria. Thus, Webb (1990) suggested that in certain genetic anaemiae the diploic thickening 
could evince its need for hematopoietic reinforcement, and that it could represent a biological 
adaptation to certain endemic diseases. This hypothesis was first discarded by Stringer and 
colleagues (1985) and later reiterated by Stuart-Macadam (1992b) due to the lack of  signs 
characteristic of  hemoglobinopathies, in particular, anaemia. The most recent study discussing 
the pathological condition of  this specimen was carried out by Spoor and colleagues (1998). 
In order to investigate the inner structures of  the cranium, two techniques were applied to the 
fossil remain: CT and an operating microscope with a coaxial light. The CT and microcope 
images revealed the absence of  the structures of  the bony labyrinth affecting the right petrous 
bone along with other abnormalities (Fig. 2 from Spoor et al. 1998). The researchers presented 
an extensive differential diagnosis including postmortem damage, developmental deformity 
of  the otic capsule and bony obliteration of  the labyrinthine lumen. They concluded that the 
most likely diagnosis for the abnormal morphology seen in the Singa calvaria is labyrinthine 
ossification. 
Ossification of  the labyrinthine is the result of  multifactorial pathogeneses, including 
otosclerosis, infection, malignant infiltration and compromised vascularization (e.g., deSouza 
et al. 1991; Mattiola et al. 2008). The most common form of  ossification is known as labyrinthitis 
ossificans (LO) secondary to infection. Its manifestation can be uni- or bilateral. Infection 
reaches the inner ear through different paths of  dissemination: through the bloodstream, 
hematogenic, middle ear, typanogenic, or through the meninges, meningogenic. Regardless 
the origin and route of  infection the condition, it courses through the suppurative labyrinthitis 
and results in LO (deSouza et al. 1991; Mattiola et al. 2008; Weissman and Kamerer 1993). In 
clinical cases, identification of  the following signs evince the condition: sclerosis, irregularities 
or obliteration of  the cochlea and membranous labyrinth, and different degrees of  involvement 
of  the semicircular vestibule or canals. The contour of  the labyrinth has been observed to 
preserve its morphology, even in the most severe cases of  obliteration. Clinical symptoms 
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inlcude hearing loss and balance dysfunction of  the involved side. If, as suggested by Spoor 
and colleagues (1998), labyrinthine ossification diagnosis is correct, the individual probably 
suffered from unilateral hearing loss and lack of  balance involving the right side. 
6.1.9.4. Hydrocephalus 
Hydrocephalus refers to the increase in cerebrospcinal fluid (SF) within the skull. It is 
the result of  the failure between the production of  SFC within the cerebral ventricles and 
its absorption into the systemic circulation that in turn causes a distension of  the ventricular 
system. Its classification is rather complex, and depending on the intervening factors, it can be 
classified as congenital versus acquired, obstructing versus communication or syndromic versus 
non-syndromic (Auderheide and Rodríguez-Martín 1998e; Tully and Dobyns 2014). Clinical 
features highly depend on the age and progression of  the condition. Differences are seen 
before and after suture closure, including macrocephaly, deviation of  the eyes, distended scalp 
veins, developmental delay, and gait disturbances (Corns and Martin 2012). It has been stated 
that is not possible to determinate the cause of  hydrocephaly in dry skulls. Aufderheide and 
Rodrígurez-Martín (1998e) enumerate several cranial features to diagnose the condition in 
osteological collections such as enlargement of  the head, thinning of  the skull bones, bulging 
fontanelles, separated sutures frequently exhibiting wormian bones, supraorbital ridge atrophy 
and flattening of  the cranial base. 
Within the fossil collection of  Qafzeh, the Individual 12, represented by fragmentary 
cranial and postcranial remains as well as dental remains, has been described to present cranial 
and post-cranial features coincident with hydrocephalus. The estimated age of  the individual 
at the time of  death, based on the dental remains, is around three-years-old (Tillier et al. 2001). 
Tillier and colleagues (2001) identified exo- and endocranial abnormalities in the cranial remains, 
including general enlargement of  the skull and frontal bone asymmetry, and presence of  fontanalle 
and metopic suture. Endocranially, among others lateral displacement towards the left side of  
both left sagittal sulcus and occipital crest (Figs. 1 and 2 from Tillier et al. 2001). Postcranially, 
the axial and appendicular elements also exhibit abnormalities related to hypotrophy, such as 
reduced diameter of  the vertebral canal, and extremely thin cortical bone in the upper and lower 
limbs (Fig. 3 from Tillier et al. 2001). According to the researchers, the most likely cause for the 
described sings, and probably cause of  death, of  infant Individual 12 is hydrocephalus. 
6.1.10. Tumours
6.1.10.1. Auditory exostoses and osteomata
Benign proliferative bone lesions, which are frequently located in the external ear, 
correspond to exostoses or osteomata. Still, there is not consensus about the definition and 
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differentiation of  the two conditions. Histopathologic studies revealed that these structures 
are clearly differentiated in other skeletal parts, however it is not so easily differentiated in the 
ear, and its diagnosis relies on clinical data (Granell et al. 2003). On the other hand, Sheehy 
(1958) recognised differences between the two. According to the researcher, morphologically 
auditory exostosis are extensive at its base, bilateral and symmetrical, whereas, auditory 
osteomata have small and narrow bases, which normally do not occur bilaterally, and only 
affect the tympanomastoid and tympanosquamosal sutures. 
Due to the difficulty in the identification, it has been suggested that any bone forming 
lesion at the external ear should be called exostoses and be classified depending on the 
morphology and number (Hrdlička in Gregg and McGrew 1970; Hutchinson et al. 1997; 
Kennedy 1986; Özbek 2012). Hypothesis about the cause of  this lesion include aquatic 
activities, trauma, infection, congenital malformation, and otitis externa (e.g., Hodges et al. 
1990; Hutchinson et al. 1997; Kennedy 1986; Sheehy 1958).  First proposed by Kennedy in 
1986, the aquatic activities hypothesis, such as diving, is currently the most accepted and has 
been supported, with some modifications, by clinical and paleoanthropological studies. Several 
researchers have suggested that especially cold-water stimulates the proliferation of  bone at 
this location (e.g., Kennedy 1986; Manzi et al. 1991). Others suggest, as a precipitating factor, 
years of  aquatic activities, such as diving (e.g., Sheard and Doherty 2008; Wong et al. 1999). 
  In the fossil record several individuals have been recorded to exhibit signs of  auditory 
exostoses. Weidenreich (1943) described the occurrence of  unilateral exostoses in Homo erectus 
specimen Zhoukoudian X from China. 
Pérez and colleagues (1997) identified bilateral auditory hyperostosis affecting Cranium 
4 from SH. The bone proliferation, arising from the typanomastoid and tympanosquamosal 
sutures, would have resulted in the quasi-complete obliteration of  the canal, as well as affecting 
the hearing capacity of  the individual. Pérez and colleagues (1997), based on Sheehy’s criteria, 
suggested that the lesions affecting this individual would correspond to auditory osteomata 
(Figs. 1i,j from Pérez et al. 1997). 
Trinkaus (1983a, 1985) described two cases of  bilateral auditory exostoses in the 
Neanderthal species, individual Shanidar 1 and the old individual La Chapelle-aux-Saints. 
Subsequently, Pérez Pérez (2003); Pérez-Pérez and Gracia (1998) carried out a revision of  
the conditions. The authors suggested an infectious aetiology for La Chapelle-aux-Saints 
(Pérez-Pérez and Gracia 1998) and Pérez Pérez (2003) associated the exostoses of  Shanidar 
1 to the irritation of  the external acoustic canal. 
Osteoma
Osteoma is a benign neoplastic lesion formed by lamellar bone, with vascular channels, 
and minimal marrow space that normally develops in the skull. Three types of  osteoma have 
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been described button osteoma, the auditory osteoma, and a large type that forms in the frontal or 
paranasal sinuses (Ortner 2003g). 
Pérez and colleagues (1997) identified three osteoma in the Middle Pliestocene collection 
of  SH. The specimen AT-777,  a fragment of  frontal bone that now belongs to Cranium 13, 
presents two small protuberances located at the right orbital roof. The researchers defined 
the one located more laterally as oval in shape, slightly protruding and of  cancellous bone 
structure. The medial one is of  subcircular morphology, protruding and of  compact bone. 
Cranium 4 was described to present one protuberance of  subcircular morphology, on the 
left parietal bone, with same texture as the surrounding bone (Fig. 2 from Pérez et al. 1997). 
6.1.10.2. Fibrous dysplasia
Within the types of  tumours that affect the ribs, two malignant types, calledmetastases and 
myeloma are the most common, while fibrous dysplasia is the most common of  the benign lesions. 
Fibrous dysplasia (FD) is a congenital, but not inherited, asymptomatic disorder that develops 
due to abnormal maturation and differentiation of  the osteoblasts. Normally seen in individuals 
between the third and fourth decade of  life, it is characterised by fibrous connective tissue 
replacing the bone marrow cavity and the canicular bone. The condition causes pain because 
of  fracture or compression of  the neighbouring tissues by the tumour. The frequency of  rib 
involvement in the monostotic type ranges from 6 to 20%, and in the polystotic type the ribs are 
involved in approximately half  of  the cases (McDermott et al. 1999; Wu and Hwang 2014; 
Zarqane et al. 2013). 
One individual from the Neanderthal site of  Krapina has been identified to present signs 
coincident with FD (Monge et al. 2013). The researchers, with the assistance of  mCT and 
X-ray techniques, described the lesion affecting specimen K120.71, a left rib fragment with 
2/3 of  the neck segment preserved (Fig. 1 from Monge et al. 2013). A fresh fracture exposed 
the inner cavity, characterised by lack of  cancellous bone, and engrossed cortical bone. The 
X-ray and mCT images revealed an eccentrically expansive osteolytic lesion with a shell of  
periosteal bone in the posterior-medial aspect of  the rib. The calculated volume of  the lesion 
is approximately of  78 mm3 (Figs. 2 and 3 from Monge et al. 2013). The researchers suggest as 
the most plausible diagnosis for the described signs to be FD. 
6.1.10.3. Meningiomas
Meningioma is a benign tumour that arises from the arachnoid cells associated with the 
brain and spinal chord. Meningiomas more commonly stimulate lytic lesions, although blastic 
activity has also been observed, and are classified accordingly to the involved cranial part. 
Meningiomas of  the cranial vault can stimulate massive bone production, in the form of  
spicules, destroying the outer table and projecting outwards. On the contrary, meningiomas 
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of  cranial base are more osteosclerotic and spicule formation is rarely seen (Ortner 2003g; 
Pettersson-Segerlind et al. 2011; Riede and Werner 2004). Parasagittal meningiomas are 
classified in relation to which third of  the sinus is involved, and the extent of  superior sagittal 
sinus involvement. Of  all intracranial meningiomas, parasagittal type account for the 20 to 
30% of  the total (Pettersson-Segerlind et al. 2011).
The skull recovered at Steinheim/Murr (Germany), in 1933 corresponds to an incomplete 
cranium with its right side well preserved. The fossil remain is dated ca. 350 ka and assigned 
to the Homo heidelbergensis species. Czarnetzki and colleagues (2003b) studied the specimen 
assisted by endoscopy, CT and X-ray images. The researchers identified an indentation in 
the parietal bone, with a dimensions anteroposterior and mediolateral of  36 mm and 26 mm 
respectively; and an enlarged sulci of  the anterior ramus of  the middle meningeal artery and 
sphenoparietal sinus. The calculated dimensions are about 51 mm anteroposterior, 43 mm 
mediolateral and 25 mm depth. The authors, following Ziegler criteria, identified those signs 
as pathognomonic of  parasagittal meningioma and suggested that specimen Steinheim skull 
most likely was affected by the condition (see Fig. 1 from Czarnetzki et al. 2003b). 
Specimen Broken Hill 1 could represent another case of  tumoural pathology, although 
its diagnosis is yet not conclusive. The individual exhibits several osteolytic lesions affecting 
the temporal bone: one located at the temporal squama, another posterior to the auditory 
meatus, a third one at the apex of  the mastoid process and several scattered at the petrous 
bone. Currently the diagnoses suggested for the osteolytic lesions include otitis media, chronic ear 
infection (Slater 1994); Bezold abscess, complication of  mastoiditis where the infection tracks from 
the medial aspect of  the mastoid process though the digastric incisura (Nelson and Jeanmonod 
2013; Yearsley 1928); metastatic abscess associated to the rampant dental caries (Wells 1964); and 
cholesteatoma, migration of  keratinized hyperproliferative squamous epithelium into the middle 
ear and mastoid cavity. Other cases of  cranial abscesses secondary to cholesteatoma have been 
also documented (Preciado 2012; Price and Molleson 1974; Watanabe et al. 2004). The most 
recent proposed explanation is Intra-diploic Dermoid Cyst or Eosinophilic Granuloma (Montgomery 
et al. 1994). 
In their study of  Broken Hill 1, Montgomery and colleagues (1994) included a detailed 
differential diagnoses and suggested that, with the exception of  the one located in the temporal 
squama, the lesions would be of  post-mortem origin. However, the osteolytic lesion affecting 
the superior aspect of  the temporal bone presents signs of  bone remodelling coincident with 
the healing process. The researchers discard both infectious and traumatic origin and suggest 
two possible explanations: Intra-diploic Dermoid Cyst or Eosinophilic Granuloma (EG). 
Dermoid cysts are congenital tumours with the lowest frequency, making up less than one 
percent of  all inter-cranial neoplasms, and are normally located in the frontotemporal midline 
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and in the parietal bones. This type of  tumour arises from the epithelial elements contained 
within the neural groove during the formation of  the neural tube which occurs within three to 
five weeks of  embryonic life. Frequent findings in CT images are ostolytic-expanding lesions, 
involving both inner and outer tables, with sclerotic margins (Sturiale et al. 2009). EG is one of  
the three clinical entities of  Langerhans’ cell histiocytosis, together with Letterer-Siwe and Hand-Schu-
llar-Chritian diseases. Langerhans’ cell histiocytosis is a childhood disorder that presents abnormal 
proliferation of  Langerhans’ cells. EG is a benign condition, the most common of  all three 
forms, involving single or multiple bones. CT images of  clinical cases revealed ostolytic lesions 
with extra cranial extension (Oguro et al. 2013). 
6.1.11. Craniosynostosis
Craniosynostosis refers to the process of  premature fusion of  the cranial sutures. This 
premature closure forces the brain to expand in other directions, where the sutures are still 
open, causing the deformation of  the calvarium. Specific morphological abnormalities of  
the cranium are associated with the type of  suture fused: scaphocephaly, the sagittal suture, 
trigonocophaly, the metopic suture, brachicephally, the bicoronal suture, anterior plagiocephaly, the 
unicoronal sture, and posterior plagiocephaly, the lamboid. Craniosynostosis classification depends 
on the chosen criteria, such as type or origin: simple, if  only one suture is involved; and compound 
when two sutures are involved. The most common type of  Craniosynostosis is primary, which 
includes the isolated type, as consequence of  trauma; and congenital syndromes, such as Crouzon 
syndrome. In the isolated type, the individuals only present lesions in relation to the sutural 
obliteration, such as neurologic and ophthalmologic manifestations. By contrast, in syndromic 
craniosynostosis, that is, when it is related or secondary to other syndromes, other lesions apart 
from those related to the premature fusion are seen. For instance, in Carpenter syndrome, 
the craniosynostosis is acompanied by polysyndactyly and congenital heart defects. The other 
type, secondary, is consequence of  other conditions such as torticollis congenita or metabolic diseases, 
e.g., rickets and hyperparathyroidism (Cohen 1980; Fernbach 1998; Raco et al. 1999).  
Gracia and colleagues (2009, 2010) presented two studies of  the earliest evidence of  
cranyosinostosis in the fossil human record. Specimen Cranium 14, unearthed during the 
field seasons of  2001 and 2002, was recovered in numerous pieces that were slowly assembled 
together until it arrived at its current appearance. Its preservation, similar to the other remains, 
is excellent. Cranium 14 consists of  quasi-complete neurocranium, which is missing the facial 
bones, left petrous and mastoid bones, right occipital condyle, ethmoid bone and the central 
part of  the sphenoid bone (Fig. 1 from Gracia et al. 2009). Based on three criteria, syncondroses 
stage, cranial capacity and supraorbital thickness, the researchers suggest an age of  death for 
this individual between the ages of  5 to 12 years old. Following the reconstruction, Gracia 
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and her team (2009) identified several abnormalities in the cranium, including left unilateral 
lamboid synostosis and contralateral parietal bossing; left rotation from the sagittal plane of  
the foramen magnum; displacement of  both glenoid cavities with respect to the foramen 
magnum, sagittal and coronal planes; and asymmetry of  the endocranial surface (Figs. 2-4 from 
Gracia et al. 2009; for a complete list of  lesions see Gracia et al. 2009, 2010). The premature 
fusion of  the lamboid suture that probably started during the third term of  fetal development, 
as suggested by metric data, would have caused the trapezoidal and parallelogram profiles 
of  the cranium. Differential diagnoses comprised positional plagiocephalia and real unilateral 
lamboidal synostosis. The authors discarded positional plagiocephalia, because some of  the 
morphological changes seen in the cranium are not characteristic of  this type of  plagiocephalia. 
Instead, they suggested that the individual suffered from real unilateral lamboidal synostosis 
accompanied by the neurological, ophthalmological and morphological abnormalities (see Fig. 
4 from Gracia et al. 2010). Two possible scenarios were considered to be the most probable 
cause of  the craniosynostosis trauma and metabolic conditions. Metabolic conditions, 
such as rickets or anaemia, were discarded due their development after birth and the lack 
of  characteristic signs, that is, porotic hyperostosis, in the cranium. Regarding trauma, the 
researchers considered three possibilities as the most likely aetiologies: intrauterine constraint, 
torticollis congenita or intrauterine trauma. In conclusion, Gracia and colleagues (2009, 2010) 
suggested that the individual suffered from real unilateral lamboidal synostosis of  traumatic 
origin accompanied by the characteristic neurological, ophthalmological and morphological 
abnormalities (see Fig. 4 from Gracia et al. 2010). Moreover, the researches interpret the 
survival of  this immature individual as very probable evidence of  conspecific care (Gracia et 
al. 2010). 
6.1.12. Miscellaneous conditions
6.1.12.1. Hyperostosis Frontalis Interna
Cranial Hyperostosis refers to a group of  pathological conditions involving the 
endocranial structure. The identified conditions include Hyperostosis Frontalis Interna (HFI), 
Hyperostosis Cranialis Diffusa (HCD) and Hyperostosis Cranii Interna (HCI), each of  which have 
different aetiology, histopathological findings and localization (Hershkovitz et al. 1999; May et 
al. 2011; Raikos et al. 2011).
 HFI, first documented by Morgagni in 1719 (in Hershkovitz et al. 1999) is a disorder of  
the endocranial table characterised by the overgrowth, in form of  granules, of  the bone tissue 
in the frontal bone. To date, three models have been proposed to explain the pattern of  bone 
overgorwth in HFI: European, American and Global (Hershkovitz et al. 1999; Raikos et al. 2011). 
The latter, described by Hershkovitz and colleagues (1999), is the most accepted. It describes 
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four stages that begins with osteogenic activity promoting the formation of  new layers of  
lamellar bone, and terminates with the expansion of  the new formed bone into the diploic 
space (for a complete description of  the four stages see Hershkovitz et al. 1999). Hershkovitz 
and colleagues (1999) ellaborated a classification that defined the macroscopic and microscopic 
morphological findings. Macroscopic appearance is based on four morphologic criteria, from type 
A, the mildest, to type D, the most severe (for a complete description see page 306 and Fig. 1 
from Hershkovitz et al. 1999). CT images revealed lack of  involvement of  the external table and 
diploë structures. The ectocranial plate preserves its density, thickness and bone organization. 
As for the diploë, the volume remains stable and only minimal changes in density are observed 
in cases of  advanced HFI (Hershkovitz et al. 1999; Raikos et al. 2011). In summary, HFI is 
characterised by the presence of  single or multiple granules, located bilaterally, in the inner 
table of  the frontal bone between the superior sagittal sinus and the middle meningeal artery. 
In contrast, the endocranial midline, the ectocranial table, and the diploë remain unaffected. 
The condition is rarely seen associated with the other two froms, HCD and HCI. Although not 
commonly recorded, clinical symptoms include epilepsy, dementia, and headache (Hershkovitz 
et al. 1999; May et al. 2011; Raikos et al. 2011). 
Several facts, such as the scarcity of  cases recorded in archaeological collections, including 
extinct and extant populations, the increased prevalence during the last century, in particular 
the last 20 years, the sexual susceptibility, in favour of  female compared to male gender, and 
the evident relation to age, old individuals are more affected, have promoted the research 
for the aetiological cause (Antón 1997; Dewriendt et al. 2004; Garralda et al. 2014; Glab et 
al. 2006). Considering the enumerated factors, the most plausible hypothesis is that HFI is 
related to oestrogen, a sexual hormone, levels. Oestrogen maintains the bone mass, controls 
bone turnover and regulates the balance between bone formation, osteoblastic activity, and 
bone resorption, osteoclastic activity. Further evidences which supports these findings include 
manifestation of  HFI, type D, restricted to those males presenting hormonal disturbance, e.g., 
atrophic testes; and in animal tests, oestrogen administered to mice resulted in similar lesions 
as those seen in HFI (Hershkovitz et al. 1999; May et al. 2011; Raikos et al. 2011). May and 
colleagues (2011) suggest that the hormonal imbalance is directly linked to a change of  lifestyle 
which has favoured a decrease in the number of  births, shorter periods of  nursing, extended 
reproductive period, changes in dietary habits, etc.
Within the fossil record, four examples of  HFI have been described including one 
specimen of  Homo erectus and three of  Homo neanderthalensis. Antón (1997) identified and 
described the condition in three hominins including Homo erectus specimen Sangiran 2 and 
Homo neanderthalensis specimens Gibraltar 1 and Shanidar 5; and Garralda and colleagues 
(2014) also found signs of  the condition in the Homo neanderthalensis specimen Marillac 3. 
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Sangiran 2 is an adult male calvaria lacking the cranial base and the complete facial 
skeleton. The fossil remains exhibit bone deposition on the frontal and parietal bones, more 
severely affecting the frontal one. The frontal bone presents plaques of  bone on either side 
of  the frontal crest, whereas multiple granules are scattered along the parietal bones (Fig. 3 
from Antón 1997). Shanidar 5 is a fragmentary cranium preserving the facial skeleton and 
the left side of  the vault that belonged to an adult male individual. The bone overgrowth only 
involves the endocranial table of  the frontal bone, with the left side slightly more affected 
compared to the right one. The plaques of  bone are located on both sides of  the frontal crest 
and at the frontal part of  the sagittal sinus (Fig. 4 from Antón 1997). Gibraltar 1 consists of  
a cranium with a major fracture on the left side, lacking the temporal and the parietal bones, 
as well as smaller portions of  the frontal and occipital bones. Its right side is missing a small 
fragment of  the parietal bone adjacent to the sagittal suture. The calvarium probably belonged 
to an old female individual. As described for Shanidar 5, Gibraltar 1 only presents bone 
overgrowth limited to the frontal bone. Multiple granules circumscribe a triangular region on 
the central area of  the frontal squama (Fig. 5 from Antón 1997). The author suggests that the 
signs recorded in the three fossil individuals match with those seen in HFI, and, in the case of  
Sangiran 2, it would be also associated with HCI. 
Recently, Garralda and colleagues (2014) studied the cranial remains of  the Neanderthal 
specimen Marillac 3. The site of  Marillac is located in an open-karst system in the Département 
de Charente (France). Since the last years of  the nineteenth century, the excavation of  the 
site has exposed sixteen lito-stratigraphic strata and eighteen archaeological levels. The first 
findings, in 1933-1934, by P. David comprised Mousterian tools and a human mandible. Since 
then, 25 more specimens have been recovered belonging to immature and adult individuals. 
At present, the complete human fossil collection comprises fragments of  cranium, mandible, 
post-cranial elements, together with isolated teeth. TL data on a burnt flint from lithofacies 
2b suggests an age ca. 57,600 ± 4600 BP for the Neanderthal occupation (Maureille et al. 
2010). The remains evince signs of  post-mortem manipulation, such as cut marks that have 
been associated to two possible practices: cannibalism or funerary activities (Garralda 2008; 
Garralda et al. 2005). 
Specimen Marillac 3 consists of  a very incomplete cranium, including two small fragments 
of  the frontal and parietal bones, that probably belonged to an adult male individual  (Fig. 3 
from Garralda et al. 2014). In addition to macroscopic inspection, mCT and CT techniques were 
also applied to the fossil remains. The authors identified in the endocranial surface granules of  
bone overgrowth located in the frontal bone. Moreover, the new bone formation resulted in 
the thickening of  the diploë and inner table (Figure 4 and 5 from Garralda et al., 2014). Based 
on Hershkovitz et al. (1999) classification, Garralda and colleagues (2014) suggest that the signs 
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recorded in specimen Marillac 3 would correspond to a type B, or a mild case, of  HFI. 
The oldest case of  HFI would be that of  Sangiran 2, that places the condition back to 
1.5 million years ago. Of  the four individuals suggested to exhibit signs coincident with HFI, 
three were probably males and only one corresponded to a female individual. Thus, Antón 
(1997) and Garralda and colleagues (2014) suggest that the condition in these individuals 
could be consequence hormonal changes related to aging. In addition, the authors believe 
it is important to consider alternative hypothesis including dietary and genetic factors. The 
identification of  the condition in early chronologies can favour the understanding of  the 
etiopathogenesis of  the disease. 
6.2. Evaluation, Prognosis and Evolutionary Considerations
Discussion of  the diagnosis and implications of  the lesions recorded in the original 
material can be found in each of  the six original articles included in this Dissertation (see 
Chapter 5 Articles 1-8). For this reason in this section we will address wider topics such as the 
meaning and contribution of  Palaeopathology the study of  human evolution. In order to do 
so, we will evaluate the health status of  Pleistocene fossils, good versus bad health; the pattern 
of  disease, frequent conditions and more frequently affected species and their implications, 
triggering factors, prognosis and possible influences.  
The reconstruction of  the individual’s life history relies on the identification of  markers, 
in the skeleton and associated dental remains that reflect the constraints they were subjected 
to and provides information to explain their adaptation process (Wells 1964). Since the second 
half  of  the XX century the theoretical concept of  Palaeopathology as a discipline has been 
redefined. The course of  Palaeopathology has evolved from a small-scale study, with the cause 
of  death of  an individual as the only objective of  study; to a global concept with a broader 
objective, the reconstruction and/or understanding of  the life course of  an individual and/
or its group (population). This conceptual adjustment has been accompanied also by technical 
advances; that is, techniques previously restricted to the medical field are now incorporated 
and frequently applied in the study of  human remains. Despite the progress, still certain 
misconceptions apply to the discipline; the potential of  the palaeopathology to contribute to 
human evolution studies is not fully recognised by researchers. Compared to other disciplines, 
such as evolutionary anthropology, palaeopthaology continues to be considered a secondary 
instrument in the investigation of  the origin of  our species, as evinced by the lack of  palaeopa-
thological references included in books discussing human evolution. The definition of  a species 
based on morphological characteristics establishes the phylogenetic relationships between 
them. However, a merely morphological assessment is underestimating many ecological/
adaptive aspects that should contribute to the definition of  a species. Human evolutionary 
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studies are in need of  other disciplines that cover the study of  fauna, lithic technologies, 
climatic characteristics, and vegetation in order to have a more complete picture of  a given 
hominin’s environment, subsistence strategies, and behavioural patterns; in other words, the 
adaption process. 
The original contribution presented in this dissertation is an alternative approach to 
address different topics within the human evolution studies. Broadly, palaeopathological studies 
are proposed as instrument to infer adaptation processes and assist in taxonomic assessments, 
through the analysis of  injuries. 
6.2.1. Health Status in Pleistocene fossils
If  we strictly refer to the word health, meaning “free of  illness”, it seems clear that, as 
stated by Pales (1930), all living beings have bad health, because even to the lesser extent there 
is indeed disease. This is equally applied to hominin fossils. Nowadays, good health comprises 
both mental and physical wellness; and factors such as environmental and social conditions are 
considered to greatly influence the health status of  an individual and/or group (http://www.
who.int/en/). It is not possible to apply the present health standards to ancient populations, 
as diseases do not affect individuals equally nor different species at different times. In our 
opinion, without an objective scale to measure the health status, to classify the health as good 
or bad, we must rely on the identification of  signs/conditions severe enough to threaten 
the individual’s life, or at least to impede the normal functioning; such as feeding and/or 
movement of  the individual. Thus, when we talk about disease we refer to conditions that 
deteriorate the overall health and can eventually derive in death of  the individual. With disease 
the body triggers the most important defence against it, the immune response. It is the key to a 
better recovery and, in turn, it highly depends on external factors. That is, in illness as in health, 
the survival of  an individual is highly conditioned by environmental and social factors. In turn, 
these environmental and social factors will determine the course of  the disease. For instance, 
it has been suggested that some conditions, such as cysts and/or fractures, could have a fatal 
course in some individuals, such as the Cranium 5 from SH, whereas the same pathologies are 
largely anecdotic or mild in contemporary populations particularly due to medical treatments, 
including antibiotics. Can the death of  this individual evince that his/her health was previously 
diminished due to other processes, such as vitamin deficiency? Or that pathogens in a certain 
place and/or moment were much virulent? Can it point towards a more stressful environmental 
conditions or lack of  social care? We know that the latter is highly unlikely, as social care in the 
SH group has been documented for Cranium 14 (Gracia et al. 2009, 2010). 
We must be cautious with the interpretation of  the results in both species and type of  
disease levels since these can be biased. That is, both the fragmentary nature of  the sample 
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and the number of  remains recovered belonging to one species is highly variable compared to 
other species.  If  we consider the entire fossil record, we can conclude that the general state of  
health of  the Plio-Pleistocene species was overall good, or that at least we have not identified 
many lesions that can be considered likely cause of  death. When examining the entire species 
record, Homo neanderthalensis clearly represents the species with the major number and variety 
of  disease of  the entire fossil collection. 
In addition to the mentioned shortcomings of  the fossil sample another issue must 
be called into attention. That is, what should be considered normal or abnormal? Where is 
the limit between the two? This is a frequent debate in Paleopathology, and although some 
issues have answers, there are many others that remain unclear. One of  these issues is related 
to morphological variability. Nonmetric traits, also known as epigenetic traits, are variations 
referred to as non-pathological because the normal body function is not impaired. The 
common classification divides them into two categories hyperostotic, more commonly observed, 
and hypostatic (Campillo 2001; Saunders and Rainey 2008). The complete list of  nonmetric 
traits, based on morphological features, can be found in numerous manuals of  osteology (e.g., 
Buikstra and Uberlaker 1994). The identification of  nonmetric traits in extinct species, apart 
of  those observed in modern humans, is conditioned by the number of  remains and their 
preservation (Manzi et al. 2000). Thus, to know the possible morphological variability between 
and within extinct species requires a large sample; something that with fossil record is very 
unlikely. Still we have to continue studying the remains and try to identify abnormality in 
the different species. As seen for non-metric traits, we do agree with Campillo’s statement 
(2001) that abnormality does not necessarily imply pathological. But when does abnormality 
become pathology? And what about the mechanisms that produce the abnormality? As stated 
by Saunders and Rainey (2008), although in the majority of  the cases the variation does not 
affect the function of  the bony element, some traits can be associated with syndromes or other 
conditions. 
In our opinion the cementum deposition observed in the dental roots of  SH-Atapuerca 
indiviuals and Homo neanderthalensis species is an example of  abnormal morphology with a 
“pathological” origin. According to Le Cabec and colleagues (2013) the pattern of  engrossed 
roots, due to cementum deposition, recorded in Homo neanderthalensis cannot be classified as 
pathologic due to its commonalty. We disagree with the interpretation, because although the 
deposition can be recognised as non-pathological per se, the mechanism responsible of  it can 
be. The cementum deposition in dental roots can be potentially compared to other processes 
occurring in the skeleton. For example, osseous overgrowth has been observed under stress 
circumstances in order to compensate or prevent deterioration. That is, osteophytes in the 
joints are thought to act as stabilizers under stress circumstances. We believe that cementum 
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deposition could have a similar function. When teeth are subjected to excessive biomechanical 
stress or lesions that jeopardise their anchorage, the cementum deposition will work as an 
attempt to stabilize the tooth position. Thus, cementum deposition should be considered to be 
part of  a major entity, and depending on the signs recorded could be related to biomechanical 
stress and/or pathological conditions. We suggest that in SH individuals, the cementum 
deposition is more likely a response to a combination of  factors. That is, the mandibular 
morphology, previously suggested as a possible factor triggering TMJ, could also exert 
major mechanical load into the masticatory system. This mechanical stress together with the 
pattern of  dental wear, consequence of  para- and masticatory activities, the occurrence of  
posteruptive movements and/or lesions affecting directly the alveolar bone could be the cause 
of  the continued cementum deposition recorded in the species. Moreover, if  as suggested by 
Le Cabec and colleagues (2013) for Homo neanderthalensis the cementum deposition responds 
to mechanical loads, the occurrence of  this deposition could indicate either similar behaviour 
or mandibular/root morphology between species. More data and comparison between the two 
populations is needed in order to understand the physiology and to confirm the hypothesis. 
Thus, depending on the signs observed and the associated conditions, abnormality can evince 
pathological mechanisms that deserve further investigation. 
6.2.2. Disease pattern 
Here again, the results must be cautiously taken, as dental remains are more represented 
than skeletal remains in the fossil record. Due to the biased sample, we have avoided direct 
comparison between the main two groups of  disease classification, dentognathic versus 
skeletal; instead, we prefer to conduct the comparison within subgroups (see Table 6.7). 
In general the results obtained through the paleopathological analyses reveal a pattern 
characterized principally by dentognathic and traumatic conditions (see Table 6.7). 
Dentognathic pathologies include a wide range of  conditions with the particularity 
of  being closely associated to each other. Frequently, to identify the sequence of  events is 
difficult, since the lesion can be the cause or the consequence of  a pathological condition and 
even the amplifier of  another one. The most common dentognathic condition, including both 
the number of  species and the number of  individuals affected, is DEH. This non-specific 
stress indicator has been observed in almost all species, and the most affected one is Homo 
neanderthalensis. The most accepted hypothesis for the expression of  these marks on the dental 
enamel is the weaning period. During this period of  time the infants would have suffered a 
stress episode producing the disruption of  the normal enamel formation. The second most 
common dentognathic condition is periodontal disease, again in a number of  species and 
individuals. In the initial stages the calculus produces inflammation and recession of  the soft 
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tissue, gingiva; the advance of  the condition, periodontitis; produces alveolar bone destruction. 
In turn, periodontal disease can provoke among others, infection of  the dental tissues and/or 
ATL. Although not included as a disease per se, we must consider enamel wear in this section. 
Dental wear, in its most severe form, is a very pervasive process that triggers numerous 
conditions. Several mechanisms have been identified to diminish enamel including masticatory 
and/or para-masticatory activities (e.g., food processing), and certain habits (e.g. toothpick). 
In general dental wear enhances the development of  apical cysts, continuous eruption and 
thinning of  the tissue. One or all conditions have been widely observed in all hominin species, 
as a result of  a severe, or in some cases, extreme dental wear. 
Within skeletal conditions trauma-related lesions are the most common in the fossil 
record; followed by degenerative joint disease that, in most cases, has been related to trauma 
conditions. These types of  lesions are commonly found in past populations in relation to daily 
life activities. We expected to find numerous lesions related to physical activities in populations 
that heavily rely on their physical condition for daily activities. Depending on the species, 
researchers have related the lesions consequence of  strenuous efforts to specific activities; 
including climbing, arboreal locomotion, hunting, or interpersonal violence. 
6.2.3. Pathologies, implications for the individuals
As stated in the Introduction section, paleopathological studies should not exclusively 
be restricted to the identification of  the lesions. We believe that both the “origin” and the 
most likely repercussion for the individual must also be considered in the study. Thus, we not 
only contributed to the knowledge of  the individual’s health status at the time of  the death 
but also we intend to provide behavioural and repercussion implications. Here, we refer to 
“origin” as those mechanisms that ultimately triggered the pathology, such as behavioural 
activity and/or anatomical variability. We are aware of  the difficulty of  addressing such issues 
due to the fragmentary and scarce nature of  the remains, as well as for the lack of  knowledge 
about the behavioural patterns of  some species. However, when the identification is possible 
we obtain a new source of  information to classify pathologies and also drive our attention to 
what expect to find in certain species. We included the behavioural factors and repercussion 
to the individual in each of  the articles (Chapter 5 Articles 1-8). Depending on the lesions 
identified we have suggested a variety of  behavioural factors including dietary (type of  foods), 
masticatory and paramasticatory activities, locomotor activities (long distance walking) and 
violence (intended or fortuity). 
With the term “repercussion” to the individual we refer to the prognosis of  the disease 
the expected evolution: worsening, stagnation and/or healing and the possible influences in 
the individual’s life. In particular, depending on the lesion affecting the individual inferring the 
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influences can be challenging. In some cases the outcome is quite straightforward, however on 
others we can suggest possible scenarios based on known cases. 
In the majority of  the cases, and more likely when the identified lesion was at the initial 
stages, inevitable advance and worsening of  the lesions would be expected. This could be, for 
example, suggested for infection; dental caries, and/or periodontal disease and degenerative 
OA processes. However, the course of  a lesion in some individuals have resolved and healing 
signs have been identified. For example, we have identified signs of  healing in a fracture and a 
cyst in Homo antecessor specimen ATD6-124 and SH Skull 5, respectively. 
Depending on the element involved we have suggested different repercussions for 
the individuals (See Chapter 5 Articles 1-8 Discussion sections). When dental lesions were 
identified we suggested discomfort, pain, difficulties in feeding, and/or halitosis. Examples of  
these outcomes are specimens ATE9-1 and SH-Skull 5 from Atapuerca, and specimen D2600 
from Dmanisi. Similar scenarios could be also suggested for other individuals such as Dmanisi 
Skull 4 (specimens D3900 and D3444), La Chapelle-aux-Saints and Broken Hill 1.  
In turn, we suggested different scenarios depending on the severity of  the cranial and 
post-cranial lesions and the bony elements associated to the primary lesions. That is, the 
micro-fracture observed in Homo antecessor specimen ATD6-124 could have caused minimal, 
if  any, discomfort to the individual without affecting its daily life. We suggested for SH-Skull 
5 severe impairment, including pain and masticatory disability and facial deformity or even 
the death of  the individual. Although more bone elements associated to the ATD6-56 patella 
are needed for a more accurate prognosis, we could suggest eventual disability in certain 
movements and development of  secondary OA. Finally, disability was suggested for the case 
of  Homo neanderthalensis individual Shanidar 1. The severity of  the lesions apart from pain 
would have incapacitated, at least during a period of  time, the movement of  the individual. 
In few cases implication in a social level has been suggested for the survival of  individuals 
affected by life threating conditions. Lesions that disabled the individuals have been recorded 
in several species such as SH Cranium 14 and Dmanisi Skull 4. Researches have claimed the 
cooperation of  the group for the survival, even if  only for a few years, of  these individuals. 
When inferring prognosis in ancient/prehistoric populations we must keep in mind that 
alteration of  the “normal anatomy” would probably provoke irreparable modifications to 
the individual’s anatomy. For instance, severe dental wear and/or tooth loss would provoke 
irregular chewing movements that eventually will develop into TMJ. In addition, the healing 
process of  a fracture cannot result in perfect alignment. For example, if  this circumstance 
happens on a lower limb it would provoke imbalance of  the joints and eventually would involve 
other skeletal elements, such as hip, vertebra. Most likely OA secondary to trauma would affect 
more than one bone element of  the individual.  
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6.2.4. Future studies 
The scarcity of  evidence of  metabolic diseases in the fossil record, in particular vitamin 
deficiency, is quite striking. Previous works have related porotic hyperostosis and cribra 
orbitalia with anaemia. Instead, other researchers have proposed alternative diagnoses such 
as vitamin C deficiency (see Pérez Pérez 2003; Pérez et al. 1997; versus Walker et al. 2009; 
Ortner 2003h). We propose an evaluation of  possible signs pointing to vitamin deficiencies 
not only in the cranium, but also in postcranial elements and dental remains. Thus, we should 
not only restrict our search of  signs in the orbital roofs but also identify hyperostotic signs in 
the shafts of  long bones as well as DEH in dental remains. Commonly, hypoplastic defects are 
related to the weaning period; however, in some occasion more than one defect is identified in 
an individual. The different timing of  occurrence could point towards another event than the 
weaning period. Thus, the concurrence of  these signs (cranial, post-cranial and dental), not 
only give us a time scale, peaks of  occurrence, but also the severity of  the process. In general 
the identification of  the signs will contribute to a better understanding of  the adaption process 
of  a particular population and/or species, and the constrains exerted over this population by 
the ecological niche. We believe that in this case, the population recovered from SH-Atapuerca 
provide us with the perfect and unique opportunity to study the manifestations of  metabolic 
diseases within a population and at different age intervals. Moreover, we suggest a research 
approach including the study of  cranial, postcranial and dental remains.
In addition to metabolic diseases, and as mentioned in previous sections, another subject 
worth exploring is the dental cementum tissue of  the SH dental collection. We propose a study 
that not only classifies the external morphology but also includes an extensive metric data. 
Our aim is to record the pattern, including for example: preferred deposition surface, most 
affected tooth class, and morphological characterization within dental class of  cementum 
deposition in individual and species/population level. We also aim to provide evidence of  the 
mechanisms related to this deposition that could include tooth morphology, wear mechanisms 
and/or pathologies. Ultimately, we will perform a comparative study with Homo neanderthalensis. 
The results of  the comparative study could evince similarities or differences between species, 
including morphological traits and behavioural mechanisms. 
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7. Conclusions
This section summarizes the main results obtained through the study of  the original 
samples as well as from the revision of  the diseases documented in the hominin fossil 
record. These include patterns of  diseases per group and sample, implications for taxonomic 
assessment and behavioural and anatomical implications. Finally, we also propose some studies 
that will be carried out in the near future.   
1. Diagnostic hypotheses: 
• The most abundant pathological conditions observed in the fossil record are 
dentognathic and traumatic diseases.
• Dentognathic pathologies are characterised for including a wide range of  conditions 
that frequently are closely associated to each other. This association can difficult the 
identification of  the course of  the events, as in most cases the lesion can be the cause 
or the consequence of  a pathological condition and even the amplifier of  another 
one.
• Within the dentognathic pathologies the most frequent is Dental Enamel Hypoplasia 
(DEH), followed by periodontal disease.
• Severe dental wear is the most common triggering factor for the development of  a 
series of  conditions such as cysts, continuous eruption and Antemortem Tooth Loss 
(ATL).
• As dental wear, cementum deposition cannot be classified as pathological per se; 
however, we believe that the mechanism responsible for it can be. The deposition 
of  cementum on the roots can be compared with the function of  osteophytes in 
the joints. These are believed to act as stabilizers under stress conditions. That is, we 
believe that when teeth are subjected to excessive biomechanical forces and/or lesions 
that damage their anchorage, the new deposited cementum will act as stabilizer. 
7C H A P T E R 
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• Traumatic lesions are the most common skeletal conditions recorded in the fossil 
assemblage, followed by Osteoarthritis (OA), including both primary and secondary 
OA to trauma.
• The original fossil material presents a pattern of  disease, similar to that observed 
for the entire fossil record, characterised by dentognathic and traumatic conditions.
• Dmanisi D2600, Homo antecessor, and SH individuals revealed a pattern of  disease 
characterised by dentognathic and traumatic conditions.
2. Considerations for taxonomic assessments:
• In two cases of  the original hominin sample we determined that the lesions affecting 
the individuals from Atapuerca, specimen ATE9-1,  and Dmanisi, specimen D2600, 
did not alter the normal morphology of  the features employed for taxonomic 
assessment.   
• On the contrary, we recorded modification of  external morphological features of  
the dental remains associated to the specimen ATE9-1 from Atapuerca. Therefore, 
we suggest that is necessary a morphological analysis of  the roots based on the inner 
structure by means of  techniques such as mCT.   
3. Species/population level:
• Compared to other species of  the fossil record, Homo neanderthalensis exhibits the 
higher frequency of  pathologies. However, since it is the most represented group in 
our sample the frequencies may be biased.
• The study of  the Dmanisi D2600 mandible revealed severe wear pattern, mainly 
characterised by complete enamel loss, and several dentognathic lesions including 
apical cysts, enamel chipping, tooth fracture and tooth rotation. In addition, we 
observed changes in the left condyle coincident with TMJ. 
• We related both the wear pattern and the lesions in Dmanisi specimen D2600 to diet 
and para- and masticatory activities. Neither the same type of  wear pattern nor the 
lesions were observed in the rest of  individuals of  the Dmanisi assemblage. Thus, 
the differences between D2600 and the small Dmanisi mandibles would support 
different diets and/or ecological niches for these individuals. Furthermore, the 
differences would also favour the hypothesis of  two different species/paleodemes 
represented in the site as suggested by some of  us (see below).
• The study of  specimen ATE9-1 (Atapuerca-TE) revealed lesions related to severe 
dental wear and infectious processes. We identified the occurrence of  two cysts, 
calculus, tooth rotation, mild periodontal disease, generalised root hypercementosis 
and a toothpick mark on the LP4. 
• We related the dentognathic lesions observed in the specimen ATE9-1 to be most 
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likely consequence of  traumatic occlusion and/or heavy para- and masticatory habits.
• Homo antecessor (TD-Atapuerca) revealed a pattern characterised by dentognathic and 
traumatic conditions. 
• We identified in Homo antecessor specimen TD6-69 an abnormal position of  the LM3 
that could evince a type of  ontogenetic stress in this species. That is, we suggest that 
the “modern” facial morphology of  this individual could not accommodate its large 
dentition. In addition, the “primitive” advanced pattern of  mineralization exhibited 
by the M3 relative to the M2 could also favour its malposition.  
• The other observed dentognathic lesions in Homo antecessor specimens include DHE 
and calculus. 
• We identified signs of  traumatic events in two bone elements belonging to Homo 
antecessor species. The right fourth metatarsal, specimen ATD6-124, exhibited on its 
diaphysis a large periosteal reaction (callous formation) related to the healing of  a 
fracture. The right patella, specimen ATD6-56, exhibited a large ostophyte on the 
distal margin most likely consequence of  a trauma to the leg or associated tendons 
and/or muscles. 
• Studies carried out in SH sample, including previous analysis and the current studies, 
revealed a pattern characterised by dentognathic and traumatic diseases. 
• We identified signs related to continuous cementum deposition in the dental roots 
of  SH that affected both young and adult individuals. We classified the pattern of  
visible cementum deposition based on morphological characteristics and degree of  
root involvement. Moreover, we measured its thickness and, ultimately, we suggested 
possible factors triggering the deposition such as biomechanical stress, dentognathic 
diseases and/or dental wear. Several factors can be suggested for the biomechanical 
stress exerted on bones and associated dental remains, including the morphology of  
the mandibular bone, the dental morphology (e.g., morphology and length of  the 
dental crowns and roots), and/or to the forces applied during para- and masticatory 
activities. Dentognathic diseases include infectious processes such as pulp infection 
and periodontal disease. Finally, severe dental wear could be responsible for 
post-eruptive dental movements. 
• We recorded three different types of  morphology: diffuse, focal, and combined and root 
involvement: slight, moderate and severe that affected almost the entire root sample. In 
general we observed that the morphology, degree of  root involvement and thickness 
of  the deposition varied with the age of  the individuals, degree of  wear and/or 
associated pathological conditions.  
• Our study of  the SH-Skull 5 comprised the revision of  previous diagnoses as 
well as the description of  new lesions affecting the individual. The study revealed 
dentognathic lesions including moderate periodontal disease, calculus deposits, 
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active apical abscesses affecting various teeth, tooth trauma, severe enamel wear, root 
exposure and toothpick mark. In addition to the dental lesions, we recorded signs of  
chronic infection, evinced by the presence of  bone remodelling at the vicinity of  the 
LP3 alveolar maxillary bone, most likely consequence of  a trauma (heavy impact) to 
the this maxillary region. 
4. Implications for the individuals
• Under implications for the individuals we have grouped the origin as well as the 
prognosis of  the disease. Origin refers to those mechanisms that ultimately triggered 
the pathology, including anatomical features and/or behavioural activities. Prognosis 
of  the disease includes the evolution of  the disease and the consequences for the 
individual.  We are aware of  the difficulty of  addressing such issues not only because 
of  the fragmentary and scarce nature of  the remains, but also due to the lack of  
knowledge about behavioural and repercussion aspects. Thus, in cases where we lack 
enough evidences our suggestions are based on known-cases from literature. 
• We more frequently inferred behavioural factors, compared to anatomical, to be 
the origin of  the lesions. We suggested among others dietary, locomotor activities 
and interpersonal violence for the conditions recorded on the original sample under 
study. In one case we suggested anatomical variability as a concomitant factor in the 
deposition of  cementum observed in SH dental roots. 
• Although all the lesions we identified in the original sample under study were active 
at the time of  the individuals’ death, we could positively identify different stages 
within the course of  events. That is, in infectious processes such as seen in apical 
cysts the lesions were still active. On other cases, we recorded the last stages of  the 
active lesion, such as the healing process in a fracture. 
• As with the prognosis, we have identified different degrees of  severity that would 
have affected the individuals differently. That is, we argued from simple discomfort, 
as suggested for the healing fracture in ATD6-124, to severe impairment, for the 
maxillary osteitis seen in SH-Skull 5. 
• We related the dentognathic lesions and dental wear exhibited by Dmanisi specimen 
D2600 with dietary habits more likely characterised by abrasive and fibrous plants 
and/or fruits. We observed differences between the wear patterns of  this individual 
and the rest of  the Dmanisi assemblage and finally suggested that these differences 
could evince different ecological niches. 
• Continued cementum deposition was observed in the dental roots of  two samples of  
Atapuerca, ATE9-1 specimen and SH population. 
• For the cementum deposition recorded in ATE9-1 we suggested several possibilities 
including infection, mechanical stress and dental wear. For both mechanical stress 
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and dental wear we point towards the forces exerted in the dentition during para– 
and masticatory activities. 
• In the SH sample the high frequency of  cementum deposition more likely responds 
to a combination of  factors. That is, the mandibular morphology, previously 
suggested as a possible factor triggering TMJ, could add major mechanical load into 
the masticatory system. The anatomical variability together with severe dental wear, 
consequence of  para– and masticatory activities, post eruptive dental movements, and 
or pathological conditions could be the cause of  the visible cementum deposition in 
SH population. The evolution of  this mechanism, cementum deposition, is expected 
to increase throughout the individuals’ life. That is, we expect to find thicker and more 
visible cementum deposition with the progression of  enamel wear, development 
of  pathological lesions and added mechanical forces to the mandibular bones and 
dental roots with age. 
• If  as suggested for Homo neanderthalensis the cementum deposition responds to 
mechanical load, the occurrence in both species could indicate either similar 
behaviour and/or mandibular/root morphology.  
• We identified the use of  toothpick in several specimens including ATE-9 from 
TE-Atapuerca, Homo erectus from Yiyuan, and Skull 5 from SH-Atapuerca. 
Depending on the signs associate to the toothpick marks, we proposed its use in 
different situations. For individuals ATE9-1 and Skull 5 we hypothesize the use of  
toothpick to have a palliative origin. We related the use of  the toothpick to release 
discomfort caused by the dentognathic lesions identified in these individuals. We did 
not identify signs of  disease (e.g., caries and/or calculus) in the Yiyuan specimens. 
However, we cannot rule out the possibility since we lacked the bone remains to 
potentially identify dentognathic lesions associated to the dental remains. Thus, with 
the available evidence we suggested dietary implications, removal of  impacted food, 
for the toothpick marks seen in Yiyuan specimens. 
• We related the identification of  traumatic conditions in Homo antecessor to be 
consequence of  strenuous physical activities. 
• The micro-fracture affecting ATD6-124 was more likely consequence of  
high-intensity and repetitive locomotor activities, including long-distance walking 
and/or running. In addition, although we lack associated bone remains, the large 
osteophyte observed in ATD6-54 could be also related to repetitive, high loading 
activities. Finally, the osseous growths on the muscular insertions observed in the 
ribs ATD6-108 and ATD6-72 could reflect strenuous activities. 
• We associated the maxillary osteitis that severely injured, and probably caused its 
death, Skull 5 to be consequence of  an episode of  violence. Most likely the individual 
suffered a heavy impact, either fortuity of  intended, on his/her left side of  the face, 
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affecting the maxillary bone and LP3. 
• The most likely course of  the dentognathic conditions is the initial worsening. 
Conditions such as carious lesions, apical cysts and periodontal disease would 
continue until the complete tissue decayed and provoke ATL. In some cases certain 
lesions such as apical cysts and periodontal disease can undergo healing process 
and resolve. In our studies we mainly recorded active lesions such as periodontal 
disease and/or apical cysts, for example in Dmanisi specimen D2600, Atapuerca 
mandibular specimen ATE9-1 and Atapuerca-SH Skull 5. We observed one case of  
healing process evinced by bone remodelling in the left side of  the maxillary bone 
on SH-Skull 5. 
• The prognosis for the skeletal conditions highly depends on the severity of  the 
disease and the elements, e.g., bones and muscles involved. Similarly the skeletal 
lesions would have worsened during the initial stages. The study of  the postcranial 
skeleton resulted in the identification of  two active lesions in Homo antecessor 
(specimens ATD6-124 and ATD6-56), although they represent different courses. 
That is, the metatarsal ATD6-124 exhibits a callus formation evincing the healing 
process. On the contrary, the patella ATD6-56 exhibits a large osteophyte that in 
turn could cause secondary lesions to other bone elements. 
• For the dentognathic diseases we suggested discomfort, pain, problems during 
masticatory activities, and/or halitosis for two individuals D2600 from Damisni 
and ATE9-1 from Atapuerca. For individual SH-Skull 5 the consequences were 
even worse due to the complications related to the maxillary bone and probably the 
associated soft tissues. 
• Within skeletal diseases we suggested minimal discomfort for the fracture affecting 
the individual specimen ATD6-124. On the contrary, the lesions recorded in 
SH-Skull 5 produced severe impairment and facial deformity; and possibly it was 
the cause of  death of  the individual. For ATD6-56 we could expect some disability 
during locomotion and the most likely development of  secondary OA. 
5. Future studies 
• During our research we noted that there is need to further investigate some conditions 
that have been rarely identified in the fossil record such as metabolic conditions and 
cementum deposition. 
• We believe that a more exhaustive analysis of  the remains, including skeletal and 
dental, could assist in the identification of  patterns of  vitamin deficiency. We could 
match hyperostotic changes in cranial and postcranial elements. Moreover in some 
individuals it could also be correlated with DEH in dental remains. We aim to 
provide data related to the moment and peaks of  occurrence, and also the severity 
of  the process. In a given population, this information will contribute to evaluate 
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their adaption process and the constraints exerted by their ecological niche. Finally, 
we believe that Atapuerca-SH would be the ideal sample to study the occurrence 
of  metabolic disease in the Middle Pleistocene population as both sexes and age 
categories are represented. 
• Secondly, we propose to continue with the study of  the cementum dental tissue 
in the SH population. Together with the external classification, morphological and 
degree of  root involvement, we intend to perform metric studies that will allow 
us to provide the pattern, e.g., surface deposition, the most affected dental class, 
in individual and at population/species level. We also aim to present evidence of  
the mechanisms causing the deposition that could include among others tooth 
morphology, para- and masticatory mechanisms as well as pathological conditions. 
Ultimately, we would like to perform comparative studies with Homo neanderthalensis 
as the results could evince similarities or differences, such as morphological traits and 
behavioural mechanisms, between these two species. 
• Finally, we would like to advocate for a continuous study and revision of  the 
pathological conditions that affected prehistoric species/populations. New 
techniques applied to the fossil remains can help us to identify new lesions as well 
as to provide more accurate diagnoses. For instance, we would not have recorded 
the micro-fractures along the bone shaft of  ATD6-124 without the mCT technique. 
Therefore, the stress fracture diagnosis was reached thanks to the identification of  
the signs in the mCT images.
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